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ABSTEACT 



The presefit publicatioii is a reference maniial for the 
training course "Introductory Environiiiental llois©*' . The 
purpose of the course is to familiarize the trainees with 
environmental noise problems, and the basic qualitative and 

quantitative methods of noise assessment. 

The document covers the following topics: Basic Acoustics, 
Measurement of Sound, Analysis of Community Noise, 
Environmental Noise Criteria, Prediction of Road Traffic 
Noise, Overview of Noise Control By-law, Investigation of 
Stationary Source Noise Impact, Industrial Noise and Blasting 
and Noise Complaint Investigation Procedure . 
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RfiSUMi 

La pr^eente publication sert de manuel de rifirence au 
cours d' introduction au bruit environnemental intituli 
^Introductory Environmental Noise». Ce cours se propose 
de familiariser lee stagiaires aux problemes du bruit 
environnemental et aux pithodes qualitatives et 
quantitatives fondamentales permettant d' ^valuer le bruit 



B Sujets trait^B : acoustique fondamentale, mesure du bruit, 
analyse du bruit dans une localite, criteres d'ivaluation 

I du bruit environneinental, prevision du bruit de la 

circulation routiSre, apergu dee reglements r^gissant la 
lutte contre le bruit, enquete sur les effets du bruit en 

■ provenance d'une source fixe, bruit du a 1' usage industriel 

d'explosifs, et, enfin, methodes d' enquete sur les plaintes 

I a propos du bruit. 
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CaiAPTER 1 



ACOUSTICS 



1.0 NATURE OF SOUl© WAVES 

1.1 Description of Sound 

If a person claps his hands, or strikes a hammer or plays 
a violin, sound is produced. Sound is an auditory 
perception of a disturbance which travels or propagates in 
the form of waves similar to waves in water. 

For the sound to travel or propagate the surface must be 
in contact with a material medium such as air, water or a 
solid, Sound cannot propagate in vacuum. 

A familiar sight is waves travelling across the surface of 
water. The action of the water particles is simply to bob 
up and down like a cork and not to move with the wave. In 
sound waves the particles of the medium simply oscillate 
to and fro in the direction of the wave, but again do not 
actually travel with the wave. The energy in the wave is 
transferred to more distant parts of the medium by a 
"chain" reaction. 

1.2 Sound Pressure 

Consider a loudspeaker generating sound as shown in 
Figure 1.1. It does so by the to and fro motion of a 
diaphragm which in turn transmits this motion to the air 
adjacent to it. This results in small fluctuatione in air 
pressure which travel outwards. These fluctuations in 
pressure are picked up by the ear as sound. Note that 



Loudspeaker 



1 - 2 




Distariee 



pressure am 



wavelength 



IFIgurs 1.1. Generatiori of sound waves 
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this pressure fluctuation due to sound ±b superimposed 
on the normally eKisting barometric pressure. The 
additional pressure due to sound is very small compared 
with the normal barometric pressur©. 

This to and fro motiori causes alternate compression and 
expansion of the air. These pressure fluctuations are 
sensed by the ear as sound. 

1 . 3 Speed of Sound in Air 

Sound waves do not travel instantaneously. Their speed 
depends on the medium through which they travel . The 
speed of sound in air is related to atmospheric temper- 
ature, and at 20 °C the speed of sound in air is 
approximately 344 m/sec. 

Example 

Although lightning and thunder are generated simulta- 
neously during a thunderstorm, the observer first notices 
the lightning and only later hears the thunder. The delay 
is caused by the time needed for the sound to travel from 
the thunderstorm location to the observer. (The light due 
to the lightning can be considered to travel the distance 
almost instantaneously. ) 

1 . 4 Sound Power 

Sound power is a basic measure of the acoustic output of a 
noise source. The sound pressure produced by the source 
depende on many external factors such as distance and 
orientation of the receiver, the temperature and velocity 
gradients in the medium and the environment. Sound power 
©a the other hand is a fundamental physical property of 
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the acoustic source alone and is, therefore^ an important 
absolute parameter which is widely used for rating and 
comparing sound sources. 

Sound power is eHpraBsed in "watts"* 



2.0 FREQIJENCY, WAVELENGTH AND SPEH> OF SOUND 

2 .1 Frequency 

Consider the earlier exampla of the loudspeaker (refer to 
Figure 1.1). When the diaphragm of the loudspeaker 
moves to and fro this generates pressure fluctuations in 
the air adl acent to it in the form of sound waves . 



The number of times every second the air experiences these 
pulsations or fluctuations is known as the "frequency of 
the sound waves". 

Obviously the frequency of the sound waves generated is 
the same as the frequency at which the diaphragm moves to 
and fro . 

The frequency of sound waves is expreased in "cycles per 
second". Cycles, in this case, refer to the pulsations of 
air due to sound waves . In noise control work a more 
commonly used unit is "hertz" (Hz) . "Cycles per eecond" 
and "hertz" are the same. 

Example 

If the loudspeaker diaphragm moves to and fro 125 times 
every second continuously, the frequency of sound waves 
thus generated will be 125 cycles per second or 125 Hz. 
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All sounds can be related in terms of frequencies. 
Generally most of the every day sounds are a miKture of 
different frequencies, and the human ear is capable of 
detecting sounds in the approximate frequency range 15 El 
to 15,000 Hz (or 15 kHz). The ear's sensitivity is not 
uniform or "flat" over this range, the sensitivity 
reducing rapidly at the extremes of the frequency range. 
The sensitivity of the ear to frequency plays an important 
role in the noise control field. 



2 , 2 Wavele 



The distance between to successive waves is defined as the 
wavelength. When we talk about the wavelength of a 
sound wave, we refer to the distance between two 
successive points, where either the compression or the 
expansion is maximum (also indicated on the diagram. 
Figure 1.1). Wavelength is not uBually directly measured 
but can be determined as shown in the following eection. 

Wavelength can be calculated from a knowledge of the 
frequency and the speed of the sound. It is given by the 
following relationBhip: 

wavelength = speed of eound/frequency (1.1) 

If the speed of sound is expressed in metres per second, 
and the frequency in Hertz, the wavelength will be In 
metres . 

Example 

In air, the speed of sound at 20 °C is 344 m/sec. 
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For a frequency of 100 Hz : 

wave length in metres - 344/100 - 3.44 m 

For a frequency of 500 Hz ; 

wavelength in metres = 344/500 = 0.688 m 

- 68.8 cm M 

It is to be noted that the sound frequency increases as » 
wavelength decreases. m 

When meaeuring sound in the immediate vicinity of sound I 

sources outdoors, a knowledge of wavelength helps in 

selecting the best measurement locations. The distance I 

between measurement location and the source should ideally 

be much larger than the wavelength corresponding to the 

frequency of interest. At the other extreme, high 

freguency sound (having a short wavelength) is not 

directly measurable when the diameter of the microphone 

exceeds the wavelength of the sound. The latter is an 

example of diffraction of sound, the ability of, sound to B 

"bend" around obstacles. The amount of this bending is 

again related to wavelength, bending increasing with wave- I 

length. This subject is treated in Chapter 9. 



3.0 TWES OF SOUM} WAVES 

As explained in the previous sections, sound travels in 
the form of waves. There are basically three types of 
sound waves: 

o Spherical 
o Cylindrical 
o Plane 
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The type of wave generated depends upon the sound source. 
The sound waves from a loudspeaker at a distance of about 
15 m will be of the spherical type. On the other hand, 
when we think of the noise from freely flowing traffic on 
a highway, the noise comes from a very large number of 
(moving) point sources. It can be shown that the sound 
from a whole string of point sources gives rise to waves 
which spread in a cylindrical fashion, the line or string 
of sources, being the axis of the cylinder. At very large 
distances from a source (very large in comparison to the 
size of source) spherical and cylindrical waves are very 
similar to plane waves and may be considered as such. 
Examples of spherical and cylindrical waves are shown in 
Figure 1.2. 



4.0 LOGARITHMIC SCALE: DECIBELS 

4.1 Range of Sound Pressure Values 

The ear can respond to an amazingly wide range of acoustic 
pressures. In everyday life we may encounter acoustic 
pressures such as generated by rustling leaves and the 
acoustic pressures of a roaring jet engine. The acoustic 
pressure of the latter example may be one million times 
that of the former. In between these two extremes lie all 
the familiar sounds of modern life, e.g. traffic, bird 
songs, roadworks, etc. 

Wiile we have discussed acoustic pressure and the response 
of the ear to it, experience has shown that the sguare of 
the pressure is a fundamentally more useful quantity in 
assessing the magnitudes of sounds. The major reason for 
this is that the square of the pressure as measured at an 
observer is related to the acoustic power of the noise 
source . 
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Figure 1,2. Examples of point and iine soy roes 
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4.2 Decibel DeflnltiQfi 

Another reason for adopt ing "preesure squared" term is 
that this naturally leads to the use of the decibel 
scale of iieasurement . The decibel scale is widely used in 
various branches of electronics and acoustics. The 
decibel scale is a power scale and gives a comparison 
between power related quantities. When quantities are 
compared using the decibel scale, the comparison is 
referred to as a Level. 

Definition 

The Sound Power Level (PWL) or L^, of a noise source is 
defined as: 

L^ = 10 log (W/M^^^] dB (1.2) 

where W is the acoustic power output of the source in 

-12 
watts, and W f. is the standard reference power of 10 
rex 

watts. In all likelihood W will be greater than the very 
minute value chosen for W ^ and so all SQund power levels 
will be a positive number of dl's. 

Also, the square of the acoustic pressure is related to 

the acoustic power output so we may now define SPL, or 

L^, at some observer as: 
P 

Lp = 10 log [PVP%gf] dB (1.3) 

where, P is acoustic pressure of the sound waves, in 
mlcroPascals, pPa and P^^f i^ the standard reference 
pressure of 20 pPa, which corresponds to the threshold of 
heaz'ing. 



1-10 
4 . 3 RelatloriBhip Betweeii SPL and PWL 

The PWL ie a measure in decibels of the sound power output 
by a source. This sound power will radiate away froin 
the source in all directions. As the sound waves travel 
away from the source the pressure fluctuations must 
decrease because the available sound power is being spread 
over a larger area (see Figure 1.2). 



Lp * L^ - 10 log S (1-4) 

where, B is the total surface area in m^ , over which the 
sound power is spread. We can now take this equation 
further for the two main types of source. 

4.3.1 Point Source 
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h similar situation exists when a balloon is being blown 
up. The bigger the balloon becomes the more the rubber is H 
obliged to stretch and the thinner It becomes. The sound 
pressure fluctuations are ■'diminished" and reduced in a 
similar manner as the available sound power is spread over 
a larger and larger surface area. The sound power output 
itself remains constant whatever the distance from the 
source. The sound pressure fluctuations decrease accord- 
ing to the area over which the available sound power has 
been spread. Thus the relationship between the sound 

pressure level, L_,, and the sound power level, L , in most 

P W 

simple situations can be expressed as follows i 
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A point source can be imagined as being a point suspended B 
in space radiating sound equally in all directions. Let 
us consider an observer at a distance r from this point ■ 

source of sound power W with no reflecting surfaces ™ 

present . 
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Fir at, S - 4IIr^ (i.e. the area of a sphere of radius r) . 
Let us also consider the effect of increasing r on the 
sound pressure level. 



Let L-5 be the Sound Pressure Level at distanc© r^ 
and L_ be the Sound Pressure Level at distance rg 



Then L^ ~ L^ - 10 lof [iirrij 
I %^ = %- 10 log [4wr') 

Lp - Lp - 10 log [4iTri] - 10 log (tfirg) 
Thus, for a point source 



Lp - Lp - 20 log [ri/rg) (1.5) 

From this equation it can be seen that if the distance 
from a point source is doubled, the sound pressure level 
is reduced b^ 6 dB. 

4 . 3 . 2 Line Source 

h line source can be imagined as an infinitely long line 
suspended in space radiating sound equally in all radial 
directions. A similar procedure can be followed as for a 
point source to obtain the relationship between sound 
power level and sound preBsure level for a line source. 
However, this involves integration techniques and will not 
be considered here. Only the effect of increasing r on 
sound pressure level will be considered. 

Again let 



L- be the sound pressure level at distance Wi 
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and L„-, be the sound pressure level at distance r^ . 
Thus^ for a line source 

Lp2 - Si = ^° ^^^ f^i/^al ^^-^^ 

Froni this equation it can be seen that if the distance 
from a line source is doubled the sound pressure level is 
reduced by 3 dl* 

Example 



Lp2 - ^^i ^ 10 log (10/30) 



h^2 ^ ^^ ' ^'^ 



= -4.8 dl 

- 65 - 4. 

- 60.2 dB 

4.4 Advantage of the Decibel Scale 



An advantage of the decibel scale is that the unwieldy 
numbers which result from using a linear pressure scale 
are replaced by a much smaller range. 
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A sound level of 65 dl was measured at 10 m distance from ■ 
a line source. The sound level at 30 m is required. 
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Let Lp- - 65 dB measured at r^ - 10 m 
then from eguation 3.6 (for a line source) 

Lp2 - Lpi - 10 log (r^/r^) | 

I 
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I 

The decibel scale is commonly used in electronics and 

acoustics for the roeasurement of power related | 

quantities . 
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Another feature of the scale ie that for each and every 
tenfold increase in power, the SPL at an observer 
increases by 10 dB. If we should increase the power 
output from 10"^ ^ W to 10"^^ W or from 1 W to 10 W we 
would, in each case, get an increase of 10 dB. Althougli 
the actual change or absolute change in power output in 
the two cases is quite different, we get the same change 
in decibels. This is actually of value because if we 
listened to these changes in level, approximately the same 
subjective response would be obtained - we would say that 
in each case the noise had doubled in loudness from its 
former value. That is, the increase in loudness appears 
th@ same. 

The sound pressure levels and sound power levels of 
various types of coimnon noise sources are shown in 
Figures 1.3 and 1.4. 

4.5 Weighting Networks 

It was pointed out in Section 2.1 that the ear's response 
to sound is not linear over the audible frequency range 
(15 Hz - 15,000 Hz). In addition, the ear's response 
depends on the sound level . 

In order to satisfactorily describe human perception and 
response to sound, the sound is usually filtered or 
weighted across the audible frequency range in a manner 
analogous to spectral response characteristics of the ear. 
The characteristics of weighting networks that are 
currently in use are shown in Figure 1.5. The commonly 
used weighting network in noise measurements is the 
A-weighting, The sound pressure level after being 
weighted by the A-network is commonly referred to as dBA. 
(If the sound pressure levels are taken using linear 
response characteristics, the values are quoted in dB. ) 
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Figure 1.3, Typical sound pressure levels (SPL) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



"gf^.P5rjs^-;^pn>^n"- ? ■•^jRP-^T-fcjwa^^ji^^nnr^Ssr^ 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 - 15 
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Figure 1.4. Tfpieal sound power levels (PWL) 
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4 . 6 Sound Level Meter 

Sound pressure levels of common noise sources can be eon- 
veniently measured with an instrument called a sound 
level meter. Details of acoustic instrumentation are 
presented in Chapter 3 . 

Briefly, a simple sound level meter measures the "linear 
sound pressure level" in dB and the *'A~weighted sound 
pressure level" in dBA. It also uses two averaging time 
weighting characteristics: fast and slow, 

4 . 7 Adding Sound Pressure Levels in Decibels 

SPLs cannot be added rather they must be combined. This 
is because when sounds from separate sources are 
received simultaneously the ear responds to the sum of 
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I 

m their individual power contributions and not to the sum of 

'l| their pressures (or sound pressure levels in dB) . 

Therefore, as we are usually given the SPL of each source 
I in turn (in dB) , conversion to pressure squared terms must 

be done first. This involves finding the antilog of 1/10 
I of the SPL. Ten times the logarithm of the sum of such 

antilog terms gives the resultant SPL of the combined 



levels. lia iiathematical notation: 

If sound pressure level due to Source 1 is L^^ 

If sound pressure level due to Source 2 is Lp 

If sound pressure level due to Source N is Lpj^. 

Then it can be shown that the resultant SPL, Lp^ is; 

L ^ 10 log [antilog [Lp_/10] + antilog [Lp^/10] + ,.. 

+ antilog (Lpj^/10)]' (1.7) 

This expression may be used to combine the SPLs due to two 
or more sources j etc. ' 

4 ^ 7 . 1 Addition of Decibels - Nomograph Method 

The nomograph given in Figure 1.6 provides a quick, simple 
and practical method for cowODining pairs of decibels. The 
steps involved are outlined below s 



I 
I 

Step 1 ; Take the difference in decibels between the two 
I levels which are being added together. 



I step 2: Enter this difference on the chart at the ri 

hand side of the scale, and look up the corre- 



sponding number on the left hand side of "the 

...icale.' 
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Figure 1.S. Nomograph for adding sound pressure levels In decibels 
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Step 3 ; Add the number so obtained to the higher sound 
level (louder sound of the two) . 

Should more than two SPLs need to be combined, then any 
two levels can be replaced in the summation by their equi- 
valent found by the combination process. 

Example 

Find the resultant of the following sound pressure levels 

60 dl, 54 dB and 65 dB. 

Consider first 60 dB and 54 dB. 

Step 1: the difference is 6 dB 

2t from the chart the corresponding number is about 

1 dB 
3 1 adding 1 to the higher SPL we get 61 dB 



L So the result of combining 60 dB and 54 dB is 61 dB . 

I Consider now combining 61 dB (i.e. 60 dB and 54 dB) and 

65 dB. 



Step 1: the difference is 4 dB 

2 : from the chart the corresponding number ie about 
1.5 dB 
H 3: adding 1.5 dB to the higher we get 66.5 dB 

IS© the effective SfL due to the three individual SPLs is 
66.5 dB. 

I Should the seguence in which the SPLs are combined be 

changed, the identical result would be obtained. 
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Note froni the nomograpli method i 

(a) two levels will not result in more than 3 dB adjust- 
ment to the higher level; 

(b) when two levels are more than 10 dB different, their 
resultant SPL is less than 0.5 dB greater than the 

igher of the two levels; and 



(c) very roughly, for quick calculations, you may use: 



difference between 
two levels, dB 



IS 



add to higher 
level, dB 




1 
2 
3 



which can be meiiorized and interpolations made by 
constructing a graph. 
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l^iALYSIS OF COMliONITY NOISE 



1.0 INTRODUCTION 

The assessment of noise impact of proposed projects or 
actions neGessitates the acquisition of a number of 
critical pieces of information. The different pieces of 
information are used in judgements and decisions regarding 
associated costs versus benefit, the degree of noise 
control desired and the feaeibility of noise mitigating 
techniques. In the field of community noise analysis the 
required information is usually centred around the 
rsical attributes of sound. 



The main objective of noise analysie is to relate the 
physical attributes of the noise environment to measures 
of human re&ponse or criteria of acceptability. Many of 
the physical attributes and measures of sound were out- 
lined in the previous chapter. The useful relationships 
between the physical exposure and noise impact are usually 
obtained by measurements, computation and by the use of 
various noise descriptors, h noise descriptor is a 
physically measurable quantity such as Sound Pressure 
Level in dl and the descriptor is used to scale the impact 
numerically. 

The community noise impact can be described by a variety 
of descriptors. One such descriptor is presented in this 
chapter. The rationale for choosing the descriptor, the 
definition of the descriptor and its applications are also 
presented. 



I 
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1.0 THE TIME VARYINa HATTOE OF COMMONITY NOISE 

Many coinmunity noise sources do not produce noise of a 
steady nature. Noise sources such as traffic, construc- 
tion sites and radios produce noise levels which are time- 
varying, often between very wide limits. The fluctuating 
nature of the community noise is evident in a continuous 
record of the sound level as illustrated in Figure 2.1. 
The figure represents a time history , i.e. the sound 
levels are recorded as a function of time. 
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In any typical community, the lower noise levels will be 

present for a major portion of the time and will cons 1st 

of natural sounds such as leaves rustling, flowing water i 

bird or animal noises. These noises are often 

accompanied, or perhaps dominated, by distant traffic 

noise or steady industrial noise. The next higher noise 

levels will be present a shorter duration and be generated | 

by such sources as nearby highways and industry. 

Increasing again in level, and decreasing in duration, ■ 

local traffic would contribute next to the sound pattern. 

Trucks and trains would have higher levels but are present 

only for short periods of time. Sources generating even 

higher levels are children shouting, dogs barking and even 

thunder, all of which are fortunately only present for 

very short periods of time. It is, of course, difficult ^ 

to generalize the sound level variation with time in a j|| 

community, but it can be judged from the example given 

that, as the sound level increases, then it is present for m 

shorter periods of time. This trade-off relationship 

between level and time duration is generally typical of m 

most community noise situations. • 
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Figure 2.1. Representative graphic time history of soynd level as sampled in 
an urban area. Dashed line represents equivalent energy concept, 
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2 . 1 Range of Variation in Community Noise Levels 



2 , 2 Tlie Limitations of the Sound Level Meter for 
Community Molse Measurement 



h further problem may occur because most sound level 
meters can only measure sound levels that have a range of 
10 to 15 dB. Even though a sound level meter may be 
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To give some idea of the possible variation of community | 

noise levels with time consider the two extreme 

situations I in the first case the community is located ■ 

adjacent to a busy freeway and at all times the noise 

climate is dominated by the free flowing traffic. Typical ■ 

variation in the community noise level is 10 to 20 dB. ■ 

At the other extreme, consider the situation of a small | 

community situated close to railway tracks. At night with 

no train passbys the noise level in the community may be ^ 

very low, typically 25 to 30 dBA in quiet surroundings. 

However, as a train passes by the noise levels could ■ 

increase up to 90 dBA. This gives a sound level range of 

some 60 dBA. Specialized instrumentation may be required 

if acoustic measurements are to be conducted. 
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I 

It was pointed out earlier that community noise levels 

vary from 10 to 60 dB between quiet and noisy periods, ■ 

depending on the type of noise source. A simple sound 

level meter is usually not sufficient to measure such 

unsteady noises. If a sound level meter needle shows a 

range of deflections greater than 3 dB, then a single, 

eyeball -average sound level will not accurately reflect 

the noise environment. Many community noise situations 

will produce deflection ranges greater than 3 dB, making | 

the simple sound level meter unsuitable for community 

noise measurement. I 
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suitable for community noise analysis its limited scale 
range does restrict the use of the instrument, 

2,3 Using a Sound Le^el Meter to Obtain a Series of 
Community Noise Measurements 

The simple sound level meter can be used for the assess- 
ment of non-steady community noise by taking single 
sound level measurements at certain regular intervals (say 
10, 20 or 30 seconds) over a specified measurement 
duration. Assume that a sound level meter was used close 
to a busy highway, where the variation is only 10 to 
20 dB. Moise level readings were taken at exactly 
10 second intervals for 10 minuteB, resulting in 60 single 
sound level measurements. The results were rounded off to 
the nearest A-weighted decibel and entered Into the 
following chart in Figure 2.2^ each box representing one 
sound level reading. 

The chart provides a useful picture of the whole variation 
of the noise level over the ten minute period. The noise 
level never fell below 65 dBA. The noise level was stea 
for a long time at 70 dBA, this level probably being 
associated with individual car passbys. 



(NOTE: each box represents 
one event) 



Figure 2.2, 



Typical histogram of sound level measyrements 
adjacent to a freeway 
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k second pe ale occurred at a sound level of 75 dBh which | 

probably represents individual truck passbys, which would 

be less frequent than the cars, but at a higher noise H 

level. The maximum sound level recorded was 78 dBA. Thus 

the chart provided a useful picture of the noise variation H 

over the 10 minute period. Such a chart is known as a 

histogram, and is a diagrammatic representation of the m 

statistical distribution of the sound variation during the ■ 

specified time period. m 

I 



3.0 STATISTICMi SOUND LE¥ELS 

Although time histories such as the one shown in ■ 

Figure 2.1 are quite illustrative, a more convenient way 

to describe fluctuating environmental noise is to adopt a 

purely statistical approach that takes into consideration 

the total time or proportion of time the sound of interest 

is present at various specific levels. 
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The time varying sound level data can be represented in ■ 

the form of a histogram (a sample is shown in Figure 2.2) 
or a cumulative distribution curve, each of which denotes 
levels of noise which are exceeded for given percentages 
of the time over given periods of observation, or, 
conversely, the proportion of time certain noise levels 
are exceeded. The relevant statistic is generally 
expressed as a noise level, Lj,, which is exceeded for N 
percent of the time. An example of a statistical distri- 
bution of time- varying urban noise is concisely 
illustrated in Figure 2.3, 
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Generation of cymuiative distribution plot from 
statistical distribution plot. 
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4.0 DlflNITIOl^ Mm USE OF Ljj, 1*100' ^90* ^50' ^10 



L is th© level exceeded for H% of the time. 
Coimon L, values used are as follows: 



h % the level exceeded for 90% of the time or an 
indicator of the ''ambient" noise level. 



L ' the level exceeded for 50% of the time or the 
"50' 

"medium" noise level. 



^10' 



noises g 



L I the level exceeded for 0% of the time or the 
"highest" noise level (also known as 

max ' 
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We have just seen that a cumulative distribution is a plot 

of the percentage of time for which certain sound levels 

were exceeded. In order to extract useful information ■ 

from the plot, very often the reverse question "What level 

was exceeded for a certain percentage of the time?" is 

presented. For instance, it may be required to know what 

level was exceeded for 10% of the time? Looking at the 

plot on statistical distribution paper, we see that the 

level exceeded for 10% of the time was 82 dBA. Such 

levels are often known as h^ values, L^^ being defined as | 

follows : 
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L ■ the level exceeded for 100% of the time or the ■ 
100' ■ 

lowest noise level. 
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the level exceeded for 10% of the time, |B 

measures the "average level of intrusive" '~ 
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By convention Lg^, ^50' ^^^ ^10 ^^® iised in common 
practice to represent approximate measures of background, 
median and intensive noise levels respectively. These 
statistical values form the basis of many environmental 
noise rating methods. 

4 , 1 Derivations of Percentile Levels from Cumulative 
D i s t r ibu t i on Gr aph 

The percentile levels can be obtained from the cumulative 
distribution plot. Specific values of six most common 
descriptors taken from the graph in Figure 2*3 ares 
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5.0 COliCEPT Of THE BNEEGy EQUIVALENT CONTINiroUS LEVELS ■ 

■ 
for »anf yeari acousticians have saarched for a method of ^ 

describing time varying sounds by a single number rather 

than by the entire cumulative distribution or certain L^^ ■ 

values obtained from such a distribution, 

I 
I 
I 
I 

Simple averaging of the time- varying pressura of the sound 

is not a good method of assessing the annoyance of ■ 

unsteady, intrusive value. This method tends to 

underestimate the annoyance value. It has been found that 

if the energy (which is proportional to the square of the 

pressure) of a time-varying sound is averaged, then the 

resulting energy equivalent continuous levels Leq, has 

good correlation with the annoyance of that sound. 



In order to assess time-varying noises, the unsteady sound 
level (still measured in dBA) could be averaged in some 
way to provide a steady level which would be "equivalent" 
to the original varying sound. Considerable research has 
been don© to determine how this averaging should be 



5 , 1 The Definition of Leg 



the mathematical definition. 
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For the purpose of certain environmental noise controls, 

the community noise descriptor. Leg, has been selected. ■i 

The adoption of Leq does not necessarily preclude the use 

of other descriptors. 



I 



The energy equivalent level is that constant sound level 

which has the same energy as a time-varying noise level ■ 

for a specified time duration. In order to understand 

fully the concept of Leg it is also necessary to consider ■ 
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IT 
Leg = 10 log (1/T) / fP^(t)/P^] dt, dBA 
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O 

Where P ^ the standard reference pressure 
o 

p ft] = the A-weighted time varying pressure 

T - the measured duration (2.1) 

Exam ple s 

The noise from a certain machine was measured for a one 
hour period. The sound levels and the respective time 
durations were as follows s 

78 dlA for 30 minutes 
80 dBA for 20 minutes 
13 dBA for 10 minutes 

(NOTE: the total time of measurement is 60 minutes *! 
Calculate the Leg value for 1 hour. 

First the sound level relationship must be applied to find 
the pressure squared ratio for each time period. 



L^ - 10 log (P^/PqI^ 



I V^i/^o^ = antilog [L^/IO] 

I 
I 



Thus to determine the pre a sure squared ratio, each sound 
level must be divided by ten and antilog is obtained as 
follows I , . 



— 7 

78 ^ 10 gives 7.8, antilog of 7.8 is 6.3 x 10 for 

30 minutes. 
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I 

Now, the e«|matiori (2.1) can b© used to integrate these 

levels over a 60 ninute period. I 
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@ 
81 ^ 10 is 8.1, antilog of 8.1 is 1.25 x 10 for 

20 minutes, 

8 
83 T 10 is 8.3, antilog of 8.3 is 2,0 x 10 for 

10 minutes. 



7 ft 

Leg - 10 log (1/60) (6.3 x 10 ' x 30 + 1.25 x 10 x 20 

+ 2.0 X 10® X 10) 



I 

^ 10 log (1/60) [189 x 10^ + 25 x 10® + 20 x 10 ] ■ 

- 10 log [63.9 X 10®)/60 

m 10 log [1.06 X 10®] tt 
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- 10 X 8.03 



^ 80.3 



Leg - BO dlA for one hour 



It is interesting to Gonsider the Leg derivation for 

constant sound level. In this case the averaging process 

(integration over time T and division by time T) is 

unnecessary as the average of a constant is that constant. 

Thus for a constant sound level the ©guation reduces to ^ 

exactly the same equation as the definition of dBA, that 

is for a steady sound: I 



L©g = L- = 10 log [^./^J^ (2-2| 



Thus for a steady sound the L©g value will be the same as 
the SPL (Lp) value. 
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6,0 TRADE-OFI" RELaTIOMSMIP OF TIME Vl^SIJS SOtH^ LEVEL 

Leg measurement is always performed for a particular time 
duration. It is necessary to state the time period for 
the measurement along with the Leg. If there are two 
noise sources which are "on" for different time durations, 
two sources cannot be directly compared by their 
respective Leg values . One of the Leg values must first 
be corrected to the same time duration as the other source 
t© allow direct comparieon of levels. To be able to do 
this, a trade-off relationship between sound level and 
time is used. 

The trade-off relationship can easily be derived from the 
mathematical definition of Leg given in eguation 5.1. Let 
a noise source produce a certain Legi with a corresponding 
pressure Peg- for a time T- , Consider the effect of 
taking an Leg measurement over a longer time T- . Let the 
value of Leg obtained from this longer test be Leg^ then: 



Leg^ = 10 log (l/T^ J^(Peg^/P^]^ dt, dlA 



The pressure Peg- need only be integrated over time T- as 
it is "off" for the rest of the time under consideration. 

Leg^ = 10 log [T^/T^] [Peg^/P^]^ 

^ 10 log [T^/T^) + 10 log (Peg^/P^)^ 

= 10 log [T^/T^] + Leg^ 

- Leg^ - 10 log (T^/T^), dlA (2.4) 

This relation shows that an Leg value for a certain time 
duration will always be decreased when the time is 
lengthened. 
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6 . 1 Exaittpl© of Transforming Measured Lag Values to a 
Different Time Duration 

Tills transformation can be illustrated through the 
following examples 

Example i 



Leg for 5 minutes - 69 dBA 
Lag for 6 hours = 69 dBA 
(machine is "on" for 6 hours) 

The Leg for 12 hours (07:00 to 19:00) ±b required .% T^ 

6 hours, T« - 12 hours. 
2 



I 



.1h 

I 
I 



The trade-off ralation must always be used with care, 
lefora it is used, it is necesaary to under stand tha 
correct method of extending the result of an Leg measura- 
mant to a longer duration. Two situations exist. First, 
if a short representative sample is taken of a noise 

Hi 

iource, the Leg value obtained will apply for as long as ■ 

the source is "on". For times longer than for which tha 

machine is "on", that is time which includes periods when ■ 

the machine is "off", then tha trading relationship must • 

be used. The time during which the source is "off" will 

raduce the resultant Leg. 



I 
I 
I 
I 
I 



A representative sample of nolsa was taken for 5 minutes, 

and the Leg value of 69 dBA calculated. By observation it | 

was found that the source in question was "on" for a total 

of six hours betwaen 07:00 and 19:00. Calculate the Leg I 

for tha day time period (07:00 to 19:00 hours). 
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heq ^ 60 - 10 log (12/6) [refer to equation (2.4)1 
= 60 - 10 X log 2 
= 69 - 10 X 0.3 
= 69-3 

m 66 dBA for 12 hours 

It should be noted that if the duration is doubled 
then 3 dBA is subtracted from the measured Leg to 
give the measured Leg value for the longer time dura- 
tion* ■ •■ ■ 

Also note that Leg values for 5 minutes and 6 hours 
are the same since the 5 minute sample was a repre- 
sentative sample of the noise. 



fit THE TIME DORATIQN IN COMMUNITY NOISE ANALYSIS 

When taking community noise measurements, it is very 
important to obtain a representative sample. Consider 
the situation of an industry producing fairly continuous 
mid- level noise and occasionally performing a venting 
operation which produces a higher level for a short period 
of time. In this case, a time period must be used which 
contains both noise situations, and further, does not . 
place unequal weight on either situation. To ensure that 
a representative sample has, in fact, been taken, a 
considerable time period may have to be analysed. In some 
cases up to several hours or the entire day, evening or 
night period are monitored on the site and the results 
analysed. 

7.1 Ministry of the Environment Guidelines 

The Ministry uses two sets of procedures to analyze 
community noise which are outlined below. 
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7.1.1 For Most land use applications the time duration | 
is divided into day/night periods. The daytim© 
is 16 hours in duration from 07:00 hours to ■ 

23:00 hours. The night-time is the eight -hour 
period from 23:00 hours to 07:00 hours. The Leg fl 
is required for the 16-hour and 8-hour periods. 
The details of the procedures will be described » 
in subsequent chapters, B 

7.1*2 For land use application where the noise source J^ 

is aircraft flyover noise, the Ministry 

procedures use noise contours determined using ■ 

the entire 24-hour period. 
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In summary, one hour Leg analysis will be adequate in most 
Instances as the representative value in each of the three ■ 



For the three different time periods described above, the 
sound level evaluation either by prediction or by measure- 
raents can be limited to a representative one-hour time 
period if the output from the noise source does not vary 
considerably. Examples of such sources are road traffic, 
an industry with repetitive processes, etc. 



different tinie periods used by the Ministry 
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CHAPTER 3 



MEASUREIffiNT OF SQUiro 



1 , INniODlJCTION 

In order to quantitatively assess the magnitude of noise 
impact, it is neceesary to measure the sound pressure 
level. This can be accomplished using a sound level meter 
which is an instrument consisting of a microphone, an 
amplifier, weighting filters, and an indicating meter. 
The microphone converts sound waves into corresponding 
electric signal which is then amplified and modified in 
such a way as to provide readings of sound pressure level 
on the indicating meter. Usually, a control, also called 
an attenuator, is provided to adjust the range of sound 
levels that can be read, permitting the meter to be used 
for measurements over wide range of sound levels. 

The electronic filters, such as A, 1 and C-weighting and 
frequency band, are incorporated in the sound level meter 
to assess the effect of noise on people. Usually, the 
l^-weighting is used as its response characteristics 
corresponds most closely to the response of the ear to 
most types of environmental sounds. Some sound level 
meters are also equipped with one-octave or one- third 
octave-band filters to facilitate analysis of the 
freguency content of the measured sound. 

Sound level meters commonly measure the averaged (the 
so-called root mean squared, RMS) level of the acoustical 
signal, and the response of the indicating meter is 
determined by preselection of one of the meter time 
weighting characteristics, "Slow" or "Fast". These 
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m - PreciBion Sound Level Meter - used only for noise 

and vibration measurements in scientific research B 
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characteristics determine the time over which the signal 
is integrated to provide an averaged reading. 

One of the primary differences between various sound level 
meters is accuracy. Technical standards specify four 
types of sound level meters : 



and development as well as for noise emission 
certification. 

Type 1 - Precision Sound Level meter - used only in care- 
fully controlled field environments or in 
laboratory work. 

Type 2 - General Purpose Sound Level Meter 

Type 3 - Survey Sound Level Meter - rarely used except as 
a quick check on noise levels. 

The use of Type and Type 3 sound level meters is not 
recommended by the Ministry of the Environment. 
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To verify the reliability of a sound level measurement, ■ 

calibration is necessary for each set of data taken. This 

may be achieved by the use of a calibrator, an accurate S 

sound source which introduces a reference sound level 

signal into the microphone. The procedure involves 

placing the calibrator over the microphone and adjusting 

the sound level meter until the meter reading corresponds 

to the reference sound pressure level. 



I 



There is a great variety of instruments available on the ■ 

market, and a wide variety of applications to which they 

may be put. I 

I 
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I,© REVIEW OF ENVIROIWENTAL NOISE INSIRIMENTATION 

2 . 1 General Purpose Sound Level Meters 

Type 2 meters usually use piezoelectric microphones and 
have an accuracy of at least ±2 dB at 1 kHz. They 
usually incorporate the A, B and C weighting filters, and 
allow measurements over a wide range of sound levels. 
Occasionally, octave-band filters and detachable micro- 
phones are also Incorporated. Typical examples of Type 2 
Sound Level Meters are illustrated in Figure 3-1 ;. a ' 

The make and type of instruments shown are not necessarily 
endorsed by the Ministry of the Environment. They simply 
represent some common types in current use, 

2.2 Precision Sound Level Meters 

In general. Type 1 meters are used only in carefully 
controlled field environment or in laboratory work. 
They have accurate microphones of either the air- or 
electret-condenser type which may be mounted remotely in 
order to minimize the effect of the operator and -j, 
instrument case on the incident sound field. Type 1 
meters can measure over a larger range of sound levels 
than the other two types (Type 2 and 3), and have an 
accuracy of at least ±1 dB at 1 kHz* 

In addition to "Slow" and "Fast" they are also equipped 
with "Impulse" and "Peak" time-weighting characteristics, 
which enable measurement of impulse noise such as forging, 
stamping or gun fire. An overload signal indicator is a 
common feature for this type of meter. 

Typical examples of precision sound level meters in 
current use are shown in Figure 3.2, 
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Flgur© 3-1 Examples of gtneral purpose sound level meters 
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Figure 3.2 Examples of precision soypci 



meters 
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If a sound is constant in level, conventional ani 
integrating soiind level meters will give identical 

result®.. 

If a sound signal fluctuates in level, the conventional 
sound level meter reading will fluctuate while the 
integrating sound level meter will average the 
fluctuations and produce an averaged reading. 



I 



I 

2.3 Integrating Sound Level Meters for Leg Measurements | 



As described earlier in this Chapter, the conventional ■ 

sound level meters average (integrate) the acoustic 
signal. The averaging time is selected by the "Slow", 
"Fast", "Impulse", "Peak", time -weighting characteristicB 
incorporated in the meter. 
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The integrating sound level meter simply carries the aver- 

aging idea a step further by providing a much wider choice | 

of averaging times. Instead of being limited to a maximum 

averaging time constant of one second (using "Slow" time- ■ 

weighting characteristic of the meter), an integrating 

sound level meter may be capable of averaging over many 

minutes, hours and even days. 
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Another difference between the conventional and integra- 
ting sound level meters is that the latter gives the same 
weight to all the earliest and latest (and all - in jj 

between) parts of the acoustical signal, while a 

conventional sound level meter gives greater weight to the m 
more recently occurring part of the sound signal then to 
the older parts (exponential). It is important to ■ 

remember the following rules: • 
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Altliougli m. conventional sound level meter can be lased to 
ineasure long-time average level, the operator must sample 
and record many sound level readings while making certain 
that in this sampling process, a significant noise event 
is not missed. Then, he must carry out manually the 
calculations of the average. The integrating sound level 
meter performs the measurement (integrating samples of 
sound signal) automatically, improving accuracy and 
reducing the possibility of measurement error. 

Commercially available integrating sound level meters can 
be classified as being general application or special 
application. The ganeral application instruments have a 
full range of operating facilities and are usually capable 
of measuring Leg, maximum sound level and integration time 
(or elapsed time). Typical examples of such instrumente 
are shovm in Figure 3.3. 

The integration time can be preset for automatic operation 
or controlled manually, and a pause control is provided to 
permit inhibition of unwanted noise events and allow 
integration to be taken at various locations. Full 
facility instruments are capable of making ordinary sound 
level measurements using various freguency filters and 
detector characteristics (i.e. "Slow'V, "Fast", "Impulse",^ 
"Peak"). They may also be able to operate with plotters, . 
printers and other output devices. 

The special application integrating sound level meters are 
usually smaller, lower cost instruments intended for 
special industrial and community noise measurements. They 
include many of the features of the general application 
unit but do not provide the full range of freguency 
weighting, detector characteristics and integration time 
presets. Typical examples of special application integra- 
ting sound level meters are shown in Figure 3.4^ 
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Figure 3.3. General application integratiog sound level meters 






Figure 3,4, Special application integrating sound level meters 
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2.4 AcQugtic Calibrators 

In order to obtain reliable results of noise measureinents, 
calibration checks of the sound level is required. This 
ensures the reproductibility of the measurement and, if 
properly carried out, gives correct absolute values, h 
sound level meter can be accurately calibrated by applying 
a reference source, which produces a known sound level at 
specified frequency, to the sound level meter's microphone 
and adjusting the sensitivity (on the sound level meter) 
until the sound pressure level indicated by the meter agr- 
ees with the sound pressure level of the reference source 
(calibrator). This calibration should be performed 
immediately before and after measurement on location. 

Most calibrators use an electrical signal to drive a 
diaphragm which serves as a loudspeaker in the calibration 
cavity. Because the calibration level is a function of 
the applied voltage, a regulating circuit is used to 
maintain this applied voltage at a constant level. Most 
calibrators of this type operate at 1 kHz. At this 
frequency, the weighting filters have no gain, offering 
the advantage that a 1 kHz calibrator can be used with the 
sound level meter in the A-weighting mode without using 
any correction factors. An example of a typical 
electrically controlled acoustic calibrator and a sound 
level meter fitted with the calibrator are shown on 
Figure 3.5. 



3.0 HEASURENIMT TECHNIQUES 

When performing acoustical measurements, due consideration 
must be given to the use of the sound level meter and to 
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Figure 3.i. Acoustic calibrator and sounci level meter 
fitted witli the calibrator 
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the relationship between the instrument and the noise 
source. Improper use of the meter will affect the 
accuracy of acoustical measurements. 

The key to operating a sound level meter is to use it in a 
manner that will not alter the sound field being measured. 
Also, the effect of background noise and meteorological 
conditions should be takeii into account to ensure reliable 
measurement results . ' 

The following is a more detailed discussion of these 

effects :. 

3 . 1 The Effect of Reflecting Surfaces 

Wien measuring outdoor noise sources, the presence of 
walls # obstructions and even the operator^ can affect 
the sound field of the source. This disturbance can cause 
incorrect measurements. The errors are most marked in the 
frequency range of 200-4000 Hz, when the physical 
dimensions of objects are similar to, or larger than, the 
wavelength O'f the sound,. 

The most effective way to avoid these errors is to select 
measurement sites which are far-removed from any reflect- 
ing surfaces. The meter should be held (or positioned on 
the tripod) away from the operator's body to prevent sound 
reflections. Also the operator must not be located 
between the meter and the noise source. In order to 
reduce errors due to the presence of the operator, the 
sound level meter may be attached to the pistol clip and 
held at arm's length during the measurements. 



I 



3 - 12 



3.2 !ghe Effect of Microphone Qrlentation 



Some micropliones are designed to be pointed at right 
angles to the source (grazing incidence) . These micro- 
phones are known as random- incidence response types . 

3 , 3 The Effect of Background Moiee 



3 . 4 The Effect of Meterological Conditions 

Outdoor noise measurements should not be performed in the 
presence of excessive wind, humidity, and outside the 
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There are two types of microphones used in sound measure- B 

ments. The first type of microphone should be pointed 
towards the sound source if the sound field is estimated 
to be coming from one direction. This is known as a free 
field response type. 
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Background noise can cause errors in acoustical measure- 
ments whenever it is within 10 dB of the noise being 
measured. If increase in the sound pressure level 
generated by noise source under measurement, compared to 
the background sound pressure level alone, is 10 dB or 
more, the background noise has virtually no effect, and 
the result of measurement is essentially the sound M 

pressure level generated by the noise source. However, 
for example, if the sound pressure level measured in the 
vicinity of a ventilating fan is 66 dBA, and the 
background level at the same location, measured with the 
fan shut off, is 57 dBA or higher, the result of fan noise 
measurement will not be reliable without special 
adjustments. In such a situation, it is best to 
reschedule the measurements until the background level on 
the site drops to below 55 dBA, I 
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temper atur© range specified by the manufacturer of the 
measuring instrumentation . 

The following limitations on meterological parameters 
during noise measurements generally apply: 

(a) wind speed in excess of 15 km/h; 

(b) temperature, outside the range -10°C to 50 °C; 

(c) relative humidity in excess of 90%. 

High wind speeds generate turbulence around the micro- 
phone. The turbulence causes pressure fluctuations which 
the microphone senses as sound. This "pseudo-sound" is 
often of sufficiently high level to mask the actual noise 
unde r in v e s t i g at i on . 

Also, sound measurements should not be attempted under 
conditions of temperature beyond the meter specifications. 
The temperature range of operation of the meter is usually 
quoted in the instruction manual , 

High humidity conditions can cause measurement errors. 
Most meters are not to be used if the humidity exceeds 
90%. If condenser microphones are being used, moisture 
can condense between the diaphragm and back plate making 
measurements unreliable. 

In addition to the above limitations. It is a good 
practice to note the wind direction as the propagation of 
sound in air can be strongly affected by wind, especially 
close to the ground surface. 
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^IVIROlllllSITM. NOISE CRITERIA 



1.0 IIHRODUCTION 

Criteria for the ©iiission of sounds from various sources 
are required for two basic reasons. First, to determine 
if the sound generated by a particular source is 
eKcessive, and secondly to provide an objective sound 
level for use in the design of noise control measures , 

This chapter outlines the basic philosophy used by the 
Ministry when establishing criteria for the common sources 
of environmantal noise which could be effectively dealt 
with at the municipal level . 



2.0 MUNICIPAL COMmOL OF BNVIROH^IITAL NOISE 

Environmental noise may be defined as any unwanted sound 
which is heard outdoors in a community or in the natural 
environment . 

Noise due to road and rail traffic, aircraft and industry 
are common examples of large scale pollutants of our sound 
environment. 

As a result of the seriousness of the noise problem in our 
society* all three levels of government have a direct 
interest in the abatement of environmental noise. The 
extent of their responsibilities with regard to a 
particular noise problem is dependent on the type of 
s our c e invo 1 ved . 
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2.1 Need for Noise Standards 



2.2 Adopt lofi of Quantitative Standards 

The following outlines the major considerations made by 
the Ministry when adopting quantitative standards for use 

in the Model ly-Law. 

o Choice of Sound Level Descriptors 

The choice of deBcriptors for rating particular sounds is 
an area of continuing discussion in the acoustical 
community. 
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Since certain types of noise sources, for example 

industry, commercial establishments and construction 

eguipment, can best be controlled at the municipal level, 

powers to regulate the sounds from these types of noise I 

sources were granted to municipalities through an 

amendment to the Environmental Protection Act. The ■ 

amendment was passed by the Legislature and came into 

force on October 8, 1975, 
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To assist municipalities in adopting noise by-laws suit- 
^le for their particular needs, the Ministry has I 

adopted standards for certain common types of environ- 
mental noise which could be effectively dealt with at the 
mun i c ip al 1 eve 1 . 
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These standards are required to define levels of environ- 
mental noise which will protect the public's health and 
welfare with an adequate margin of safety. Both 
qualitative (subjective) and quantitative noise standards 
have been incorporated into the Ministry's Model Municipal I 
Noise Control By-Law for use by the municipalities. These 
standards will be discussed in detail in Section 3. 
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Many descriptors exist [4] and at present no agreement has 
been reaclied as to the best descriptor (s) for all types of 
sounds. Sociological surveys, jury testing and other 
research methods have, however, provided valuable 
information on the relative merits of the various 
descriptors making possible the selection of only a few to 
cover raost situations. 

©le following are the descriptors commonly used in the 
Model By-Law: 

(a) the energy equivalent sound level. Leg measured in 
dBA^ the best single indicator of annoyance due to 
most types of environmental noise; 

(b) the ninetieth percentile sound level, Lgo* used as 
the basic descriptor for evaluating sounds in rural 
areas; and 

(c) the impulse sound level (measured in dBAI) which, in 
addition to annoyance, accounts for the reactions of 
startle and fear brought on by certain types of 
impul s i ve s ound s . 

o Adoption of Sound Level Limits 

Prior to adopting sound level limits for various types of 
environmental noise, the Ministry conducted extensive 
surveys of the most recent studies on the development of 
noise standards and consulted with industries and various 
public/private agencies. 

"The major factors considered by the Ministry when adoptingf 
sound level limits for various types of environmental 
noise included: 
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(a) the nature oi the source; 

(b) the characteristics of the sounds generated by the 
source I 

(c) the acoustic environment at the point of reception; 

Id) the availability and practicality of the technology 
reguired for the measurement and control of these 

sounds ,. 



3.0 MINISTRY STlNDAEDi 
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The sound level limits for various types of noise commonly 

heard in a community are contained in a series of 

technical publications (NPC Publications) which are | 

included in the Model By-Law, 
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I 

The following describes the types of standards contained 

in the Model By-Law. Some of the common noise sources §| 
for which standards have been adopted by the Ministry and 

incorporated into the Model By-Law are also listed. | 

S,l Qualitative (Subiective) Standards I 

Qualitative (subjective) standards have been incorporated m 

into the Model By-Law to provide municipalities with a ■ 

simple means of dealing with noise problems which could be ^; 

handled in a relatively straightforward manner. These p^ 

standards are often suitable for use in situations where , 

the noise problems are not severe. Further, these U. 

standards provide the only practical means of controlling 

certain common types of community noise, such as the ■ 

sounds due to dogs barking, people shouting, and so 

forth . fl 

I 
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Th© qualitative (gubj active) standards prohibit the 
emission of certain types of sounds at an intensity which 
would cause these sounds to be clearly "audible" at a 
point of reception within a quiet zone or residential area 
of a community during a specified time period(B) . 

3 , 2 Quantitative Standarde . * 

A more comprehensive approach to environmental noise 
control is required in situations where the noise 
problems are complex. In such cases quantitative 
standards are used to determine if the sounds emitted by a 
particular source are excessive. These standards^ it 
should be noted, are based on a compromiBe between two 
opposing influences, namely, minimizing annoyance due to 
noise and minimizing the cost of noise control measures 
reguired to achieve this goal , 

The Model By-Law contains two types of quantitative 
standards: (a) sound level limits at the point of 
reception which are applied to stationary sources, and (b) 
sound emission standards which are used for non- stationary 
sources . ' 

3.2.1 Sound Level Limits At the Point of Reception 

The basic standard used to evaluate sound from a 
stationary source is the background sound level. This 
background sound level is used to determine if the sound 
generated by the source is excessive. The evaluation is 
made at the point of reception. The point of reception is 
defined as any point within a quiet zone or residential 
area at which sound from the source is received, 

Vfhere the sound generated by the source is highly 
intrusive, a specific sound level limit is also applied. 
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o Background Sound Levels 

Certain typ©a of souncis generated by stationary sources 
are annoying simply because they can be heard above the 
background sounds. The following criteria are used to 
determine the acceptability of sounds generated by such 
sources . 

Urban Areas: 



The descriptor used in the noise standard is the 
equivalent sound level. Leg, the best single indicator of 
annoyance due to noise generated by road traffic. Hourly 
equivalent sound levels due to road traffic are used by 
the standard to account for variations in traffic noise 
with time. 

The sound levels from most stationary sources are 
considered to be acceptable if, at the point of reception 
in a quiet zone or a residential area within an urban 
community, the one hour equivalent sound level due to the 
source does not exceed, in any one hour, the corresponding 
one hour equivalent sound level due to road traffic. 



I 
I 
I 



In situations where both standards apply the least 

restrictive is u«ed. It should be noted that in the Model 

By-Law sounds from a stationary source which produce an B 

equivalent sound level. Leg, of 40 dBA or less at the 

point of reception are exempt from further consideration. ■ 



mm. 

I 



I 

In urban areas noise due to road traffic provides a good | 

standard for the evaluation of sounds from most 

stationary sources, since it is a characteristic of the I 

sound environment, fairly predictable and relatively 

constant from day to day. ■ 



I 
I 



I 

I 
I 
I 
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Rural Areas : • ' 

Where tJie sound environment at a point of reception is 
normally dominated by natural sounds, the standard used 
to determine if the sounds from most stationary sources 
are exceesive is the ninetieth percentile sound levels 
Lqq, of the background sounds. Note: The L^q sound level 
is the sound level eKceeded 90% of the time and is 
commonly referred to as the background sound level. 

In rural areas the noise due to most stationary sources is 
considered to be excessive if at a point of reception 
during any one hour period, either the Leg or Lgg sound 
level due to the source is greater than the allowable 
excess above the corresponding one hour Lgg sound level of 
the background sounds . • 

Specific Sound Level Limits 

Some sounds due to their highly intrusive nature are 
annoying regardless of the sound environment at the 
point of reception. Background sound levels and specific 
sound level limits are the standards which are employed to 
determine the acceptability of these types of sounds. The 
standard which is least restrictive is applied. 

The following lists some of the common stationary sources 
for which specific sound level limits have been adopted by 
the Ministry and incorporated into the Model By-Law. 

{a) Industrial Metal Working Operations 

Specific sound level limits are used for industrial metal 
working operations which generate impulsive sounds that 
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Sources of Impulsivs Bound (Single Event) 



(c) Blasting Operations 

Fixed limits for sound (concussion) and vibration levels 
have been adopted to regulate noise and vibration 
generated by blasting operations in a mine or quarry. 



(d) Residential Air Gonditioners 

ipecific sound level limits are used for residential air 
conditioning devices (i-e. central air conditioners and 

wall/window units). 

These limits take into account the year the particular 
unit was installed (see Publication NPC-116). 

3.2.2 Sound Eml s s ion Standards 



I 
I 



are freguent (e.g. forging, punching, cutting, etc.) but I 

are not considered to be guasi-steady impulsive. The 
sound level limits take into account the year the noise 
source began operating. These limits are contained in 
fublicatlon NPC-105 of the Model By-Law. 



I 
I 
I 



A fixed sound level limit (100 dBAI) is used to regulate 

infrequent impulsive sounds which occur as single B 

seemingly independent events , 



t 
I 
I 



The limits take into account the annoyance to local ■ 

residents and the potential for structural damage. These 
limits are contained in Publication NPC'119 of the Model 

By-Law. 



I 
I 
I 



I 
I 



Due to the mobile nature of a non-stationary source, a | 

noise standard for this type of source must be 

I 
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independent of the sound environment at the point of 
reception and it must be applied at some fixed distance 
relative to the source. This standard is referred to as 
the sound emission standard. 

The Model By-Law contains sound emission standards for the 
following sources. These standards are applied when the 
noise from these sources impact quiet zones and 
residential areas. 

(ai Motorized Conveyances 

Publication NPC-118 contains sound emission standards for 
heavy vehicles with governed diesel engines . By heavy 
vehicle is meant any motorized conveyance having a 
registered gross vehicle weight of more than 4,500 kg. 

These standards, which take into account the year of 
manufacture of the vehicle, provide a means of reducing 
unnecessary noise on Ontario's roads caused by heavy 
vehicles in need of repair. 

(b) Construction Equipment 

Standards contained in Publication NPC-115 can be used to 
regulate sound emissions from the following categories of 
new construction equipment: 

(1) excavation equipment (including dozers, loaders, 
and backhoes ) ; 



I (ii) pneumatic pavement breakers; 

fl (iii) portable air compressors; and 

fiv) tracked drills.. 
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Not©: Tlie standards for a particular category of cone- 



4 . 1 Intermittent Souifids 

A sound is referred to as being intermittent if it is not 
continuous but lasts for more than one second. 



I 

I 
I 

I 



I 



truction equipment apply to all types of eguipment within 

that category provided the items of eguipment: (i) are 

used for similar applications, and (li) have been 

manufactured in the same year as the items listed in the H 

Public at ion, 

(c) Powered Lawn Mowers 

Sound emission standards for walk -behind powered lawn 
mowers are contained in Fublication MPC-117. These 
standards can be used for lawn mowers powered by electric 
motors or internal combustion engines. The standards take 
into account the year the appliance was manufactured. 

4.0 EEQtJIEEMEIITS fOR SOUM) LEVEL IDOTSTMHITS 

To determine if sound from a source is excessive, the 
measured sound level is compared to the applicable noise 
standard . 



I 
I 



I 



Prior to performing this comparison adjustments (in iH 

decibels) must be made to the measured sound levels of 
certain types of sounds. These adjustments are required 
to ensure that the sound levels reflect the annoyance 
caused by these sounds. 

the following describes the types of sounds for which 
adjustments are prescribed in Fublication NPC-104 of the 
Model By-Law. 



I 
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Mk adjustment is subtracted from the measured sound level 
to account for the fraction of an hour the source was not 
operating; one hour being the basic time period used in 
the Model By-Law. Adjustments from dl to about 20 dB 
will be required depending on the amount of time the 
source was not operating. 

4.2 SoundB Exhibiting Special Characteristics 

Due to their character istice, certain sounds appear louder 
than other sounds having the same sound level. In order 
to account for the apparent loudness of these sounds, 
positive adjustments are made to the measured sound 
levels , 

The following are the types of sounds for which adjust- 
ments are made. Only one adjustment may be made to the 
sound level generated by a particular source. 

(a) Tonal Sounds 

A tonal sound is any sound which can be distinctly 
identified through the sensation of pitch. Circular 
saws, transformers and sirens are examples of sources 
which generat© tonal sounds. 

If a sound has a pronounced audible tonal quality such as 
a whine, screech, buzz or hum, the measured sound level is 
increased by 5 dS, 

(b) Varying Sounds 

If a sound has an audible cyclic variation such as a beat 
or other modulation in amplitude, the measured sound 
level is increased by 5 dB. An example of a beating sound 
is the sound generated by two engines operating at about 
the same RPM, 
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(c) Quae 1 - S t e ady I mpul s 1 ve Sounds 



I 
I 
I 



An impulsive souiid is a single pressure pulse or a single H 

burst of pressure pulses which has a duration of less 

than one second, h quasi -steady impulsive sound is a 

seguence of impulsive sounds which are repeated within a 

time interval of less than 0.5 seconds. Pavement breakers 

and rivetting guns are examples of sources which generate 

gu as i - s t e ady impul s i ve s ounds , 



I 
I 
I 

If a sound is quasi-steady impulsive^ the measured sound 

level is increased by 10 dB. H 

I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 



■.;-t:^p-T^y.-wi|t;. -^y.-jT' . -i:,J"^^^W''^^'WWy^'' 



I 



I 
I 
I 
I 
I 



I 

I 
I 
I 
I 
I 
I 
I 
1 
I 



CHAPTER 5 
ROAD l^RAFFIC NOISE PRMJICTION 



1.0 INTRODUCTION . . , 

In th© field of acoustics, prediction methods are used . 
primarily to determine the noise impact from various 
transportation noise sources such as roads, railways and 
aircraft operations. . . 

There is a number of reasons for the extensive use of 
prediction methods in noise impact assessment. First, it 
allows persons who do not have measurement capabilities to 
obtain an indication of the noise levels on a particular 
site. Second, it allows the noise levels on a site to be 
determined when the constraints of time, money, distance, 
weather and instrumentation do not permit on-site measure- 
ments. The use of prediction methods also allow the 
evaluation of changes in the transportation facility noise 
sourae. For example, the effect of a future increase in 
the volume of traffic on a particular road can easily be 
calculated. The prediction methods also allow the effec- 
tiveness of some noise control measures to be evaluated 
particularly the effect of increasing the distance between 
the noise source and the receiver « 

This section will describe the prediction method used 
extensively by this Ministry to determine the noise impact 
from road traffic. 
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1.1 GCIIDEIiINSS FOR ROAD TRAFFIC NOISE ABSESSNEl^ 



2 . 1 Basic Elements of th# Prediction Model 

The energy equivalent sound level produced by each class 
of vehicle is given by: 



passing a specified point during some 
specified time period. 



I 
I 
I 
I 



In Jtily 1986 the Mlinistry of the Invironment published a 
guideline manual for the prediction of road traffic 

noise. The manual presents a procedure required by this ■ 

Ministry for the prediction of energy equivalent sound 
levels, Leq, due to road traffic and the procedure super- 
cedes all other previously used prediction methods. A 
copy of the publication is enclosed as Appendix A. 



I 
I 
I 
I 

Leq(h) . ^ (L Jp reference energy mean emission level ■ 

1 o m.^ 1^ 

+ 10 log fCM.nD )/(S.T)] traffic flow 

adjustment ■ 

+ 10 log fD /B] distance adjustment 

+ 10 log [^Qj(^i# §2^/'"] finite roadway f| 

ad j ustment 
+ 4;s shielding adjustment C'S'-X) ■ 

where Leq(h) . is the hourly equivalent sound level of m 

the ith class of vehicles, B 

[L )- is the reference energy emission level of j^ 

® i the 8th class of vehicles. 

H is the number of vehicles in the ith class 
1 



I 
I 
I 
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is the perpendicular distance, in metres, 
from the centerline of th© traffic lane to 
the observer. 

D_ is the reference distance at which the 

emission levels are measured. In the 

model D is 15 m, D is a special case of 
o o 



o 



I 
I 
I 

f is the time period over which the 
I equivalent sound level is computed. 



g, is the average speed of the ith class of 

vehicles and is measured in kilometres per 
hour (km/h) . 



m is a site parameter whose values depend 

upon site conditions. 

|l! is a symbol representing a function used 
for segment adjustments^ i.e. an adjust- 
ment for finite length roadways. 



I ft^ is the attenuation, in dB, provided by 

some type of shielding such as barriers, 
rows of houses, densely wooded areas, 
etc. 



2.1.1 Reference Hourly Sound Level , 

The reference hourly sound level for all three classes of 
vehicles is defined as : ,. 

Leq^(h) ^ 10 log [ECantilog ((L^)g /lO]) * P^] 

+ 10 log (ND /S) - 25 ^ (5.2) 
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where P. = Percentage of itli class of vehicle (expressed 
as a fraction of the total volume) 



S = posted speed limit in 
i — 1# 2 and 3 



Figure 5.1: 

(L ) - 38.1 log (S) - 2.4 

(L )_ = 33.9 log (S) + 16.4 
® %T 

(L )„ ^ 24.6 log (S) + 38.5 (5.3) 

For a specific reference distance of 15 m and a reference 
traffic volume of 40 vehicles per hour, the reference 
hourly sound level can be expressed as: 

Legj^(h) ^ 10 log [ECantilog ((L^)g./10]) * P.] 

- 10 log 8+2.78 (5.4) 



i ^ 1, 2 and 3 



For heavy trucks travelling in the upgrade direction, the 
adjustment shall be made by multiplying the percentage of 
heavy trucks by an adjustment factor given in Table 1 of 
Appendix h, before applying the above formula or using 
Tables 3 to 6. 
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I 



The reference energy mean emission levels measured at the ■ 

reference distance of 15 m for automobiles, medium trucks 

and heavy trucks are given below and also plotted in I 



I 
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I 
I 



The above expression defines the reference hourly sound I 

level presented in Appendix A, Tables 3 to 6. 

I 
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Figyre 5.1. Referenee energy mean emission levels as 
a funetion of speed 



I 
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I 
I 
I 

For irolumes other than the reference volume of 40 vehicles 

per hour, an adjustment must be added. The traffic volume I 

adjustment is given bys 



2.1.2 Mjustments to Reference Level 
( a ) Traffic Volume 



4 , = 10 log (V/40) (5.5) 

VO'J,. 

where ? is the total traffic volume 
( b ) D i s t anc e Ad j u s tment 



A,. . - (1 + a) * 10 log [D /D) (5.6) 

where D is the reference distance of 15 m from track 
o 

centreline. 



and ct is the ground absorption co-efficient defined 



where h is the total effective height. For reflective 
surface, a is equal to 0. The total effective 
height is computed by adding together the height 



I 
I 
I 



For distances other than the reference distance of 15 m ■ 

from the centre line of the track, an adjustment must be 
added. The distance adjustment is given by: 



I 
I 
I 



D is the perpendicular distance from the centreline I 
of the track to the point of reception. 



I 
I 



a = . 5 h :^3iit 

= 0.715 (1-h/lO) 3m< h <10m | 

s h ilOm 
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of the point of reception above the ground, the 
effective shielding height between the source and 
tlie receptor, and the effective source height of 
the road traffic. 



I 

I The effective source height in metres is given by: 

B - p®-^^ ■ >. . (5.7| 

Mhere p is the unadjusted percentage of heavy trucks. 



It should be noted that a lower limit of 0.5 m and an 
I upper limit of 2.4 m apply to the source height. 

I (c) Road Element Size / 



Ihen the ground is non-reflective or when the calculation 
considers a finite section of the track, an adjustment 
must be added. The value of the adjustment is given by: 



^2 1^ 

^oad size = " 1°9 [(lA) r (=°s *r d*] for 
non-reflective surfaces 



- 10 log [(02 - 0i]/w] for 

reflective surfaces (5.8) 

where 0i and 02 are the angles subtended by the track 
section at the point of reception, see Table 10 of 
lix A. 



Pavement Surface 



An adiustment A must be added to account for pavement 
ps 

surface type. This adjustment Is described In Section 2.2 
(g)(iv) of Appendix A. 



?',_ ' ■*.l, . 
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(e) Mjustmeiit for Shielding by Dense Woods and Rows of 
louses 



(f) Barrier Mjustment 

The barrier adjiistnient accounts for barrier attenuation. 

The barrier adjustment is discussed in detail in Chapter 9 
and in Appendix A. 

2 . 2 Road Traffic Variables 

The following variables are included in the prediction 
nodel : 



- posted speed 80 tan/h 

- distance froii centreline 30 n 



I 
I 
I 
I 



Jin adjustiaent iiust be added to account for shielding of 

dense woods or rows of houses. This adjustment is 

described in Section 2.2(g) (v) of Appendix A. I 



I 






I 
I 



(a) Volumes of cars^ medium trucks and heavy trucks/hour 

|ia| Traffic flow speed 

I'c) Road gradient |p 

(d) Distance from the centreline of road to the receiver 

(e) Total effective height I 

(f) Road element size 

(g) Pavement surface type ■ 
(h) Shielding ■ 

i 
2 . 3 Worked Example m 

Given - automobiles 910 vph |^ 

- medium trucks 20 vph 

- heavy trucks 70 vph M 



I 
I 






I 
I 
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- road gradient 0% 

- road surf ac© typ© " norinal 

- topography flat 



I 
I 
I 
I 

I 2,3.1 Mean Emission Levels at 15 m 

■ Automobile [^o)e ~ ^^'^ -®^ ^^^ ' ^'^ 

I 
I 
I 
I 
f 
I 
I 

i 

I 



- 38.1 log (80) - 2.4 

- 72.51 - 2.4 

- 70.11 dBA 

Medium trucks [L^]-. ^ 33.9 log (S) + 16.4 

= 33.9 log (80) + 16.4 
= 64.51 + 16.4 
= 80.91 dBA 

Heavy trucks [L^]« = 24.6 log (80) + 38.5 

- 46 . o "^ 3o ■ 3 

'■ ■■' ■" ' ''m 85.32 dBA - ' ■ -^ . • . 

2.3.2 Reference Hourly Sound Level at 15 m 
Using equation (5.2) 

Legj^(h) = 10 log [lO*^-^^^ * 0.91 + lO®-^®^ * 0.02 

+ 2^p8.532 ^ 0.07] + 10 log (1000 * 15/80) - 25 
= 75.52 + 22.73 - 25 
m 73.25 dBA 

2 . 3 . 3 D ist ance Ad j ustment 

^ i.m^j_pi ,__»0.25 *-' 

Source height, S = (p) 

= (7)^'^^ 

M 1.63 M 
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Total effective height, h=8+t+p+r 

= 1.63 + + + 1,5 
— 3 . 13 11 



^ 10 log (15/30)1*^-*® 
= -4.5 dB 



a . 3 . 4 Road Element Size 



\oad size = ^° ^'« [f^/"' t ^"' ♦>'' ***! 



= 10 log [(1/if) J (cos #)^ d^] 



A . . - -1.2 dB 
road size 



2 .3.5 Road Leq(h) 



= 67.55 
= 68 dBA 

Therefore^ the Leg due to road at a distaiice of 30 m is 
63 dBh, 



I 
I 
I 
I 



m = 0.715 (1 - h/10) ■ 

~ 0.715 (1 - 3.13/10) 
= 0.49 tt 

I 
I 
I 
I 
I 

The indicated integration has been performed numerically 

using the Simpson's Rule: H 



I 
I 

Leg(h) = Leq^(h) + A^.^^ + t^^^^ ^^^^ 

= 73.25 + (-4.5) + (-1.2) | 



I 
I 
I 
I 
I 



I 
I 

In general, the increase in sound levels is about 1-2 dl 
I for every 10 km/h increase in speed and the maximum 

increase is 3 dB. 
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2.4 Effect of Changing the Traffic Flow Conditions on 
the Predicted Noise Levels 

2.4.1 Effect of Increasing the Traffic Volume 

Table 2 of Appendix A or the term 10 log (V/40) indicate 
the relationship between traffic volume and sound level, 

A doubling of the traffic volume (and keeping the other 
variables constant) results in a 3 dB increase in the 

sound level. • - 

2 . 4 . 2 Effect of Changing the Traffic Flow Speed 

Changing the traffic flow speed have a slightly different 
effect on the sound levels for each classification of 
vehicles and is dependent on the overall composition of 
the three classes of vehicles. - ' ' 



2.4.3 Effect of Increasing the Distance 



The term in the model which deals with distance attenua- 

1 + oc 
tion is 10 log (D /D) . 



Reflective Surface 

For ground absorption co-efficient, m, equal to zero, the 
pattenuation rate is 3 dB per doubling of distance. 



I 
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Non-Eef lective Surface 



t . i Effect of Reflections 

The effect of reflections from building facades on the 
resultant sound level predicted at outdoor living areas is 
discussed in Section 4.1 of Appendiic i» 



I 
I 
I 



For ground absorption co-efficient, ot^ equal to 0.5 (total I 
effective height ^3 m) , the attenuation rate is 4,5 dB per 
doubling of distance. 



For total effective height greater than 3 m and less than 

or equal to 10 m, m is given by 0,715 (1-h/lO). The 

attenuation rate varies between 4.5 to 3 dB per doubling 

of distance. And for total effective height greater than 

10 m, a is zero. The attenuation rate is 3 dB per 

doubling of distance. I 
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NQISl CQMTRQL BY-LAW QVTER¥IElf^ STATIONARY SQURGES, 
INDUSTRIM. NOISE AND BLASTING 



1.0 BAOKaROUli} - 

The law concerning noise goes back very many years. Noise 
was treated originally as an inconvenience or a nuisance 
or as an interference with the use of property. At some 
stage in the past, municipal authorities got involved in 
assisting complainants and restraining the activities of 
noise makers by developing and enforcing municipal by-laws 
to regulate or prohibit noise. 

In Ontario, this resulted in a provision in the Municipal 
Act permitting the Council of a municipality to pass a 
by-law prohibiting the ringing of bells, the blowing of 
horns, shouting and unusual noises or noise likely to 
disturb the Inhabitants. The noise in this Municipal Act 
By-Law was referred to as disturbance or inconvenience, 
and as nuisance or an interference with the property 
ri< 



It is only in the very recent paBt that noise has been 
thought of as an environmental contaminant; In other 
words, as pollution. In 1971, when sound and vibration 
were defined as contaminants under the Invironmental 
Protection Act, the Ministry of the Environment initiated 
studies of environmental noise, the sources and 
characteristics of noise which gave rise to complaints, 
methods of abating noise, variation of noise levels in 
various coiiimunity settings and associated technical 
aspects of noise measurements and assessment procedures. 
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I 

It was generally recogniEed that th© federal, provincial 

and municipal governments would each have roles to play in I 

effective noise control programs. 

I 

Bie authority under the Ontario Municipal Act for control- 
ling nois© was found to be to© narrow to permit adequate m 
scope. Accordingly, an additional tool was given to B 
municipalities by the enactment in 1974 of an amendment to _ 
the Environmental Protection Act, empowering local | 
municipalities, subject to the approval of the Minister of 
the Environment, to pass by-laws regulating the emission |l 
of sound and vibration and cleariy authorizing modern 
techniques for noise measurement and control . The H 
punicipalities were to be provided with a Model Noise 
Control ly-Law and with adequate permissive legislative ■ 
authority under the Environmental Protection Act to adopt m 
such by-law. ^ 

I 

The Model Municipal Noise Control By-Law, developed by the 

Ministry staff, has two formats. Part I is a simple ■ 

Qualitative (Subjective) By-Law likely to be suitable for 

smaller municipalities with less complex noise problems. I 



Fart II is a Comprehensive By-Law with both quantitative 
and qualitative portions from which a municipality may 
select suitable sections according to its needs. This 
latter format is presented as a by-law proper accompanied 
by a number of supporting technical publications. 



I 
I 
I 

a,© QOIILllllIIVB (SUBJICTIVI) NOISE BY-LAW, PART I ft 

I 
I 
I 



The primary difficulty with handling noise simply as a 
nuisance with by-laws such as may be enacted under the 
Municipal Act, is that the standard for determining 
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whether the noise ghould or should not be prohibited is a 
subjective one. Yet, the Ministry of the Environment 
incorporated a subjective standard in Part I of the Model 
Municipal Noise Control By-Law. The reason for this 
decision was that for certain kinds of noise there is 
simply no alternative. Where offensive noise is due to 
barking dogs, screeching of tires, noisy parties and 
certain other common community noises, the subjective 
standard is the only standard possible to apply. 

In a departure from the "likely to disturb-' standard 
established for the Municipal Act By-Laws, the subjective 
standard established in Part I attempts to be as objective 
as it possibly can bej it simply states that for a sound 
to be offensive it must be "clearly audible". Thus, 
audibility of sound from a particular source at the time 
noted and on the premises of a receptor as listed in 
provisions specified in the by-law, will constitute a 
violation. 

The term "clearly audible" is not defined in the by-lawi 
it would be up to the Noise Control Officer or other 
person testifying in court to explain what he means when 
he says sound was clearly audible. This term is used in 
the by-law to mean sound which can be heard and its 
information content readily perceived. That is, if one is 
complaining about, for example, the loud playing of radio, 
the resultant sound is clearly audible if it can be heard, 
and if the words being spoken can be easily understood or 
the melody of the music being played can be easily 
followed. The meaning of "clearly audible", with respect 
to sound which does not have this information content, is 
determined by analogy. The witness in court must be able 
to articulate why the sound impressed him as being clearly 
audible. He will have to be able to explain the 
information content of the sound. He may be able to say 



I 

I 

I 

tliat, as well as being clearly audible, the sound was even p 

louder because it prevented liim from having a normal 

conversation, or that it was even loud enough to wake him || 

up. There may be additional ways in which a person can 

put into words with some objectivity how the sound ■ 

impressed him. 

I 

The Subjective By-Law naturally excludes the use of any " 

"numbers" or "quantities" in defining annoying sound. The ^ 
Subjective Moise By-Law (Part I) specifies general prohi- || 
bitions with reference to motor vehicles and construction 
equipment in Section 2, while Section 3 contains a table | 

listing typical activities which may generate noise 

prohibited during specific time periods in specified ■ 

zoning areas of the municipality. Flexibility is provided 
with regard to zoning area designation and local prefer- 
ence as to time when certain activities are not to be 
audible. 



The enforcement of the Subjective Noise By-Law requires 
only normal hearing and judgment of a "reasonable person" 
on the part of the enforcing officer. The simple 
definition of a violation ("clearly audible") removes 
subjectivity from judgment of the allegedly annoying 
sound, provided that the person making the judgment has 
normal hearing ability and is a "reasonable person". This 
would not exclude people with exceptionally good hearing, 
but it would prevent the employment of a person with 
hearing impairment to serve as a Noise Control Officer, 

The cost of implementation of the Subjective By-Law is 
small and neither special training nor instrumentation is 
required for enforcement. 
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3.0 CMIPREHENSIVE (OBJECTIVE) NOISE BY-LAlf, PART II 

Municipalities experiencing complex noise problems may 
find that a subjective approach to local noise control 
is not entirely adequate. The control of noise such as 
that generated by machinery, construction equipment or air 
conditioners, warrants the use of measuring instrumenta- 
tion for quantitative assessment of noise impact. Once 
the sound magnitude is described numerically, a standard 
or limit for acceptibility can be devised. Many years of 
research by scientists, physicians and engineers 
contributed to the present level of understanding and 
knowledge of what is "acceptable" in terms of the environ- 
mental noise impact. Naturally, various individuals may 
have different sensitivity, perception and subjective 
opinions on what annoys them, while the tolerance level in 
a single individual may change from time to time. 
Consequently, environmental noise and vibration criteria 
set in the Comprehensive (Objective) Noise By-Law 
(Part II) are based on the best current understanding of 
community reaction to noise, tempered by the availability 
and practicability of the technology for measurements and 
control. The range of quantitative controls covers most 
of every day problems and many special industrial 
activities such as impulsive noise, blasting, trucJi and 
construction equipment noise . 

The Comprehensive Noise By-Law (Part II) includes all the 
provisions of the Subjective (Qualitative) By-Law (Part 
I), and the following additional three major sections 
dealing with specific sound level limits and sound 
emission standards: 
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Section 5 - Limitatlofi on the Sound and Vlbratiori 
Levels at m Point of Reception for Specific Sourcea 

This section refers to sound level limits applicable to 
noise generated by residential air conditioners and 
blasting operations. 

Moise generated by air conditioners has been for years 
a major concern in most communities, and statistical ly 
accounts for the largest number of complaints. 

In the case of blasting operations, the resultant 
potential impact in terms of community reaction and 
possible structural damage to property can be so 
severe, and the characteristics of the generated sound 



I 
I 



Section 4 - General Limitations on Sound Lev el Due to || 

a Stationary Source 
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This section refers to sound level limits applicable to 

noise generated by stationary sources. The basic 

assessment of source acceptability is made using the so 

called "ambient" or surrounding environmental "noise 

climate" at a particular location as a yard stick. The 

criterion is expressed as the difference between the 

noise from the source and the ambient noise. The ■ 

ambient noise chosen for this purpose is essentially 

made up of the road traffic noise which pervades the ■ 

locality and creates a so called "urban hum". 

I 

It was also recognized that some noises are annoying, ■ 

no matter in what kind of environment they are 

generated. These specific high level impulsive sources | 

have to be restricted by an absolute limitation to 

reflect the increased severity of noise impact. M 
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■ and vibration so different from other sources, that a 
' separate set of limits had to be established. 

o Section 7 - Sound Emission Standards 

For certain sources, a noise limitation must be 
independent of the acoustic environment and must be 
applied at a specified reference distance relative to 
the source. Such a limitation is referred to as the 
sound emission standard and basically is applicable to 
non-stationary sources of sound. ^ 

Section 7 sets out sQund emission standards for 
domestic outdoor power tools, motorized conveyances, 
air conditioners and construction equipment in both 
residential areas and quiet zones . , • 



Accompanying the Comprehensive Noise By-Law are various 
Technical Publications which reflect the state of the 
art in acoustics. They have been revised several times 
to accommodate the existing economic reality and to 
provide the simplest means of enforcement. 

The Technical Publications provide detailed specifications 
for acoustic measurement instrumentation and detailed 
procedures for measurements of various types of sound, as 
well as provide general and specific numerical limits 
established for control of sound sources. 

Some of the Technical Publications are fuldelines dealing 
with the aspect of land use planning, noise control in 
rural areas, new noise source assessment information, new 
land use assessment information and the certification of 
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3 . 1 Assembly of a MmiiGipal Noise Gontrol By-Law and 
I mpl emen t at i on 

A municipality wishing to control the noise in its 
Jiirisdiction should consider first the type of noise 
problems that are prevalent within the municipal 
boundaries, and then proceed to adopt the particular 
provisions of the Model Moise By-Law which address those 
problems best. Council may choose to adopt the Model 
By-Law in whole or in part so that it may best meet the 
particular requirements of the municipality. 



I 
I 



the Moise Control Officer. These guidelines are included | 

to provide assistance to municipal Councils in the areas 

of planning, zoning, public works, building permits and, m 

in general, municipal matters where noise considerations 

might be relevant. 



I 



Inforcement of a Gomprehensive Noise By-Law requires 

acoustic instrumentation and specialized staff training. 

The accurate measurement of sound and vibration is a 

conplex problem, particularly when attempting to satisfy | 

legal requirements. In order to successfully prosecute a 

case based on a Quantitative Noise Control By-Law, it is t 

essential that the instrumentation and the measurement 

procedures rigorously conform to the requirements set in ■ 

the relevant Technical Publications. It must be • 

conclusively demonstrated to the court that the measure- jj^ 

ments given in evidence are accurate, reliable and within ■ 

the tolerances specified, faithful observance of all of 

the provisions of the Technical Publications will help to 

convince the court of the validity of the evidence 

presented. I 
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Some of the quantitative controls may apply in situations 
where there are also applicable qualitative controls. 
Legally, this means that both requirements must be met. 
In some cases, adjustment of the by-law might be desir- 
able. A municipality may find different parts of the 
Model ly-Law more suitable for its purpose and may alter 
some of the provisions in the by-law text. However, 
alteration of any supporting Technical Publication is not 
permitted; these documents represent the culmination of 
extensive technical research^ augmented and often guided 
by inputs from various government agencies, research 
bodies and the industry. - 

Preparation of a noise control by-law should be undertaken 
in consultation with the Ministry. After adoption by the 
Council, three certified copies of the by-law are for- 
warded to the Ministry for approval by the Minister as 
reguired by legislation. 

'Tkm by-law is administered by the Noise Control Officer 
designated by the Council, Proper enforcement of the 
quantitative aspect of a by-law will require trained 
personnel in possession of a valid Certificate of 
Competency in Environmental Noise Technology, 



4,0 I1©US1!RIM, NOISE IMPACT ASSESSMENT 

Although transportation noise is the main contributor to 
community noise # those exposed often develop a partial 
empathy towards transportation noise because they antici- 
pate a personal use for the particular mode of transporta- 
tion. In case of industrial noise, with the exception of 
persons whose livelihood depend upon the particular 
industry, a similar empathy is generally lacking. The 
possible tax benefits from nearby Industry do not carry 
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iiiucli weight in a community that believes property values 
have decreased bacause of increased noise. 

furthermore, industrial noise creates adverse cominunity 
reaction because of some or all of the following eharac- 

teristiCiS i 

- presence of discrete tones, beats or rumble 

- presence of impulsive or impact events 

- rapid variation with time 

- interference with sleep and speech 

- conveying a fear message 

- reminder of other side effects 

- location of the industry in otherwise quiet environment 
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Community response to industrial noise depends on both the m 
absolute sound level of intruding noise and on the 
increase in sound level relative to the previous ambient 
sound level in the commiinity. 



I 



The variety of industrial processes is such that P 

attempting to set emission standards for each piece of 

industrial eguipment is generally impractical. Accepta- ■ 

billty of industrial noise depends strongly on factors 

other than the noise level of the equipment. For example, ■ 

the Industry may be surrounded only by other industries 

and consequently may not be a nuisance, 

A more realistic approach to industrial noise control is 
to set acceptable noise criteria for noise sensitive land 
uses and to plan future development to avoid incompatible 
neighbours being located adjacent to one another. 

In Ontario, the essence of noise guidelines specified by B.^ 
the Ministry of the Environment is that no industrial 
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operation should generat© more noise at an adj acent 
residential receptor location tlian the pre-existing 
■vehicular traffic noise in the area in which it is 
located. The guideline for etationary source noise impact 
assessment is given by the Technical Publication NPC-105, 
Stationary Sources, and it applies to all built-up areas. 
The basic provision of this guideline is specified in 
Section 4.2, and applies to all types of sound, excluding 
impulsive sounds. An assessment of noise impact due to 
souree operation is made in terms of one hour equivalent 
energy level descriptor Leg. 

For impulsive sound, the general sound level limit is 
given in Section 4.1. The impact of noise from impulsive 
sources is expressed in terms of the Logarithmic Mean 
Impulse Sound Level Lj^-. defined in a following formula: 

L^ m 10 log [1/N[10 ^^^^+ 10 ^/^" + . .. 



+10 



^^^Vio]] 



where: dBAI-, dlAI^ .-- ^BAIj^ are the N impulse sound 
levels measured in dBAI, 



The Hourly Eguivalent Sound Level, Leg, caused by 
vehicular traffic at the point of reception is the 
applicable general sound level limit in both cases of 
Impulsive and non-impulsive sources. 

It has to be recognized that some industrial impulsive 
noises are of highly intrusive nature, and are annoying no 
matter in what kind of environment they are generated. 



I 

I 

For these types of noise two spec if ic sound level limits m 

have been established, depending on the frequencY of their ■' 
occurrence . ^ 

The first limit set for specific industrial sources 

generating frequent impulsive sounds such as metal working ■ 
operations (including but not limited to forging, hammer- 
ing, punching, stamping, cutting, forming and moulding) is "H 
specified in Section 5.1 and is expressed in terms of the ■ 

Logarithmic Mean Impulse Level descriptor, ^jj^- The mm 

applicable limit for these sources is 60 dBAI if they were m 
in operation before January 1, 1980, and otherwise it is 
50 dBAI . A detailed procedure for the measurement of H 

frequent Impulsive sounds is described in Sections 3.4(f) 
of the Technical Publication NPC-103, Procedures. As a Bf 

basic requirement for the calculation of L^^^, a minimum 
number of 20 impulsive events shall be measured within a ■ 

continuous period of 20 minutes. 

I 

The other specific impulsive limit, set for operations m 

generating infrequent impulsive sounds which occur as 

single, seemingly independent, event, is specified in || 

Section 5.3. The applicable limit is 100 dBAI, and the 

procedure for such single impulsive event measurement is ■ 

described in Section 3.4(g) of the Technical Publication 

NPC-103, Procedures. 



A pre-emption is included in Section 7(1), allowing for 
the selection of least restrictive limits if more than one 
sound level limit is applicable for a particular 
operation. 
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Ifhere limits expressed in terms of energy equivalent (Leq) ■ 
sound levels are applicable to an industrial operation, an 
exclusion is specified in Section 8 that removes any ■ 
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restriction on industrial operation generating an hourly 
Leg level of 40 dBA or less at the point of reception. 



5.0 BliASTING NOISE AND VIBRATION IMPACT ASSESSMENT 

Blasting operations at guarries and surface mines generate 
noise and vibration impact of a type guite different 
from that of transportation, industry and other high level 
environmental noise and vibration sources. Impact due to 
blasting is impulsive, relatively infreguent, often 
unpredictable in time of occurrence and is likely to be 
guite variable in level. A community may experience such 
exposure over long periods of time, sometimes in 
residences at coneiderable distances from the blasting 
site. 

Air blasts or concussions may affect communities not only 
through the shaking of the structural elements of their 
residences, but directly through the auditory system 
causing surprise, startle, fear of damage or injury or 
other secondary effects . 

Adverse community reaction to blast produced vibration can 
be expected at levels that are much lower than the 
thresholds established for structural damage. 

The technical problems of guantifying community response 
to blasting events and setting applicable limits are 
complicated by the simultaneous presence of both air 
blasta, and ground vibration, and many secondary effects 
such as window or dish rattling. 

Based on the results of extensive research carried out by 
various agencies, and the best current understanding of 
community reaction to blasting, two sets of limits have 
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b#©n establislied by the Ministry in the Technical Publica- 
tion NPC-119, Blasting, to assist in effective control of 
noise and vibration. 



to a routine monitoring. 



- itanciard limit, applicable to operations where a routine 
monitoring of noise and vibration is carried out by the 
guarry/mining operator . 



(i) Concyssion - cautionary limit: peak pressure level 
of 120 dBLin; 

(li) Concussion - standard limit: peak pressure level 
of 128 dBLin; 

(lii) Vibration - cautionary limits peak vibration 
velocity of 1 cm/s; 

(iv) Vibration - standard limits peak vibration 
velocity of 1.25 cm/s. 



I 
I 

m 



B , 1 Blasting Limits | 

- dautionary limit, applicable to operations not subjected ■ 

I 
I 



The limits are expressed in terras of peak sound pressure W 

level (dBLin) and peak vibration velocity (cm/s). The 

following limits are specified: I 
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h detailed procedure for the measurement of sound and 

vibration due t© blasting operation is described in 

Section 5 of the Technical Publication NPC-103, ■ 

Procedures . 
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NQISE CanmhhlWE INVESTIGATION PROCEDURE 



1.0 INTRODUCTION 

A noise complaint iriv4stigation may be desoribed as tha 
work performed to analyze and report a noise situation in 
order to establish compliance with Ministry's noise guide- 
lines. The procedure for noise complaint investigation 
Involves the following steps: receiving complaint, 
setting up noise complaint register, preliminary investi- 
gation, interviews with complainant and noise producer, 
subjective assessment of impact severity, measurement 
survey and report writing. 

1.1 Noise Complaint Registry 

h complaint registry is set up by the Noise Unit ajid it is 
used as an example. Complaints are recorded on a 
complaint form as shown in Figure 7.1, preferably in four 
copies. Each complaint form is numbered with a five digit 
number in sequence distinguishing it from others and to 
keep a running total of the number of complaints received. 
The first of two digits of the sequence number is the last 
two digits of the year, and the subsequent digits are 
sequential. The first complaint of the year is always 
numbered 001 {e.g. the first complaint in 1987 is numbered 
87001). 

Note: If a complaint registry is computerized, a less 
cumbersome registration system may be created. 
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Noise Complaiiit Form 



TOWN, CITY OR MUNICIPALITY 



SEQUENCE NO. 


CATEGORY 




INVESTIGATION NO. 












WHEN RECEIVE 


D M 


4IWM 




19 








RECEIVED BY 


LOCATION 





COMPLAINANT 



TEL, NO'. 



ADDRESS 



SOURCE O^AME OF COMPANY OR PERSON) 



IIL. NO. 



ADDI^SS 



NATURE OF COl^ffiLAJNT 



DSrVESnOAIE ECCISIW 



COMES TO: 1. Investigatioii 
file 



2. Alphabetical 
regiiier of 
complamajite 



3, Alphabetical 
register of 
sources 



4. Chronological 
sequence of 
complaints register 



Figure 7.1 Noise complaint registry fornn. 
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(a) C oirip 1 a In ant I dent i fie at i on 

The full name and initials with address, both residence 
and business phone numbers should be obtained if 
possible. 



I Anonymous complaints should never be accepted, as it is 

impossible to obtain further information from the 
complainant. 



1.2 liature of Complaint 

Information on the alleged source of noise should be as 
complete as possible. Description of the nature of the 
complaint should include: 

o Type of noises 

- Stationary (air conditioning, machinery, etc.) 

- mobile (aircraft, train, truck, etc.) 

- community (parties, radios, etc.) 

m Time when the noise is present: 



I - time of the day, duration, how often (every 

Tuesday, etc. ) 



o Characteristics of the noise: 

- hum, screech, buzz, etc. 

o Previous action by the complainant: 

- Describe in detail. 

o Time and date the complaint was received and by 
whom . 
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Hunger 1 copy of the complaint form is filed in the 

investigator 'g file which is stored in numerical order |. 

of the investigation number, or in a loose leaf "NOf 

INVESTIGATED" register. M 
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1 . 3 Cross Referencing in Conplaint Recording Systeni 
(Using Hard Copy Records) 



Mumber 2 copy of the complaint form is kept in a 
loose-leaf register in alphabetical order of the 
complainants surname. 



source 



I 
I 



Mumber 3 copy of the complaint form is kept in a | 

loose-leaf register in alphabetical order of the noise 

I 



number 4 copy of the complaint form is kept in a IB 

loose-leaf register by chronological sequence number. ■ 

I 

This filing method maintains a cross-reference file system || 

with the least amount of maintenance and only one 

operating file. | 

1,|. Hoise Source Categorieg K 

The noise sources may be assigned a category as follows: g| 



HVAC Heating, Ventilation, Air Conditioner, Heat 

etC"« 

INDP Industrial Plant 

COMB Commercial Building 

CDQM Construction, Demolition, Quarries, Mining 

REDL Residential (other than Air Conditioners) ■ 

PRIT Private Transportation 

TRAF Traffic in General (e.g. highway noise) 
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OTHR Otlier 

RECV Recreational Vehicle 

SOEJ Federal (aircraft, train, etc) 

Note: Local municipalities may want to set up other 
categories, such as barking dogs, parties, etc. 



2.0 PRELIMINARY INVESTIGAf lOM 

The ifi^estigator will establish the general source of the 
noise complaint if there is or has been a previous 
investigation and if a complaint should be further 
investigated. 

If there has been a previous investigation on this source 
in the same category, this complaint will be given the 
same investigation number and category. 

If there is no existing investigation file, a new file 
will be opened and given an investigation number and 
category, except when there is to be no investigation, in 
which case the No. 1 of the complaint form will be filed 
in a special "NOT INVESTIGATED REGISTER". 

If there is to be no investigation, the complainant must 
be advised in writing stating the reasons. 

All four copies of the complaint form will be annotated 
with the investigation number of the complaint. The 
coitiplaint form will then be filed in the appropriate file 
and register. 

If the complainant is not interviewed and the investiga- 
tion will take longer than two weeks, the complainant 
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sliall so be advised either by letter or by telephone of 
the status of the complaiiit, 

A written record should be made in the investigation file. 
On completion of the investigation, the complainant should 
be advised in writing. 

The preliminary investigation may be sufficient to 
establish whether the Local Municipal Hoise Control By-Law 
does in fact cover the situation. If it does, this visit 
may, in simple cases, be all that is needed to establish 
if the sound is excessive according to the by- law. In 
complex situations, subseguent investigation(s) will 
usually be necessary. 



3.0 OUT OF JURISDICTIOM COMPLAINTS 

If the source of the noise is not within the jurisdiction 
of the municipality, the complaint should be forwarded 
to the appropriate authority and the complainant so 
advised either at the time of lodging complaint or by sub- 
sequent letter. 

3.1 Federal Jurisdiction Covering Problem Areas 
If I Aircraft Noise 

ii Pearson International Airport, Airport Noise 
Management Office (416) 676-4531 (Malton) 

m other Ontario airports, Ontario Navigation require- 

ment and Systems Trwrisport Canada (416) 224-3575 
(Toronto) 
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(ii) Rail way NQJee 



o Canadian Transport Commission (CTC) 

Railway Transport Committee (RTC) (819) 997-4425 
(Hull) • ■ 
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I o Canadian National Railway (CNR) (416) 860-2345 

I o Canadian Pacific Railway (CPR) (416) 863-8193 

I 
I 
I 
I 
I 
I 
I 



o GO Transit, Development and Special Projects 
Division (416) 630-5220 (Toronto) 



o Toronto Transit Commission (TTC) , Marketing and 
Commercial Relations (416) 393-3030 (Toronto) 

NOTE 1 : Shunting and loading on private property 
should be treated as a stationary noise 
source. 

MOTE 2 ; Municipal by-laws may be enacted under 
- the Railway Act to control the blowing of 

the warning whistle at level crossings. 

(iii) Motor Vehicle Noise 

m o Provincial Highways and Freeways, Ministry of 

Transportation and Communications (MTC) , 
■ Environmental Office (416) 235-3478 (Downsview) 

Io Regional and Municipal Roads, The Regional Road 
Traffic Department of the Municipality 

I (iv) All federal concerns (Ontario Region), Environment 

' Canada, Environmental Protection Service, Ontario 
I '■ ' Region (416) 973-5840 

I 
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Only problems concerning provincial jurisdictions should 
be referred to the MOE District and/or Regional Offices. 



4.0 IIO!^l¥IEIfS 



Before visiting the private residence, it is a good 
practice to make an advanced telephone call to the 
complainant to ensure that a visit is convenient and that 
an annoying source is audible. Should the investigator be 
delayed or unable to keep an appointment^ it is advisable 
to telephone and inform the complainant of this. 



I 
I 
I 



I 

Usually the first step in a noise investigation is to || 

contact the complainant. This will make the complainant 

aware that his/her complaint is being responded to and, in ■ 

most cases, will enable the investigator to obtain more 

Bpecific details of the complaint. ■ 



I 



A useful procedure prior to interviewing the complainant 
and the noise producer is to take a "walk around" the area 
of the complaint. This may result in determining the 
actual noise source or other contributing noise sources. | 

This survey also enables the investigator to get famil- 
iarized with the local environment and, as a result, he is ■ 
in a better position to discuss the problem at initial 
interview with the complainant and the noise producer. ■ 



I 



At any interview the investigator should ensure that his ■i 

official position and name are known by presenting his ■. 

identification card. mp 

i 

As a number of separate items are covered in an investiga- 

tlon, various forms have been prepared to help the inves- ^ 

tiaator obtain the information which is usually necessary 

to seek. These forms may be supplemented by additional ■ 

I 



I 



I 
I 
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IN VESTIGATION NUl^mm 

I 



Date: 



TNVFSTTGATION REPORT 

COMPLAINANT INTER VIEW 



NAME.:: 



I 
I 
I 
I 
I 

J,, 

I 
I 
I 
I 
I 
I 
I 
I 



ADDRESS: 



1. TYPE OF NOISE: 



PHONE 



(i) 
(ii) 

(iii) 

(iv) 



2, TIME(S) OF NOISE: 



Noise 


CoMtiepous 
Yes or No 


Occasional 
Yes or No 


Usual Umits of occurrence 

e,g. 9 a.m. - 10 a.m. 


(i) 








ai) 








(iii) 








Civ) 









3. WIffiN DID NOISE FIRST BECOME A PROBLEM? 



4. HAVE YOU CONTACTED NOISE PRODUCER DIRBCILY? YEsQ NO Q 

ffYES: WASRBACTION CO-OPERATIVE? n CONCERNED? ^ 

HOSTILE? 



5. OTHER COMN^HSnrS: 



Investigating officer(s): 1 . 
2. 



Figur® 7.2 Oomplainarit interview form. 



1 
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information at th© discretion of the investigator. The 
forms should in any case be supplemented by maps and 
photographs covering the area and showing the pertinent 
location of the complainant and source (s). 



4.2 Interview with the Noise Producer 



lo provide some guidance in the questioning of the noise 
producer, the NOISE PRODUCER INTERVIEW FORM was prepared 
( shown in Figure 7.3). 



I 



I 

4 . 1 Interview with the Complainant ■> 

The purpose of the interview is to complete the informa- !■ 

tion on a complaint. The COMPLAINANT INFORMATION FORM ■ 

(shown in Figure 7.2) should be completed, if possible, ■ 

while with the complainant. The investigator should ■ 

proceed with a line of questioning which will determine 
the cause of the complaint, the nature of the noise and 
its likely source, etc. Precise indication of the times 
that the noise occurs may be crucial in tracing a source. 
If a noise may be heard at the time of the visit, the 
investigator should have the coiiiplainant point it out. 
The investigator should also ensure that he has the 
correct name, title (if any) and initials of the complain- 
ant, the complete address and telephone number. 



I 



I 
I 

I 



I 



The investigator should also interview the noise producer ■ 

during the course of the preliminary investigation. The 
investigator should always enter a plant or premises 
through the main entrance and identify himself with his 
identity card and ask for a senior company official. The 
investigator should then state that the purpose of his 
visit is to investigate a noise complaint and that he is 
trying to locate the noise source. 



I 



I 
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MVESTIG ATION NUMBER 



Date: 



TNVFiSTfr.ATTON REPORT 

NOISE PRODUCER INTERVffiW 



PREMISES H^OWN AS: _, PHONE 

ADDRESS: ^^__= 



CONTACT NAMS: TITIM 



1. IS THE NOISE PRODUCER AWARE THAT HE IS CAUSmO 

A NOISE PROBLEM? YES □ NO □ 

IF YES, DOES HE KNOW THE NOISE SOURCE? YES O NO □ 

2. DESCRIBE THE NOISE SOURCE, ff AN Am-CONDmONER IN A RESIDENCT. WHAT IS 
THE OUTPUT, MAm AND MODEL? 



3. WHAT ARE HOURS OF OPERAliON OF NOISE SOURCE(S)? 
(THIS SHOULD CONFIRM OR DENY TIffi COMPLAINT HOURS). 
ALSO NOIE ANY CYCLES OF OPERATION. 



4. CAN EQUIPMENT BE SWITCHED ON AND OFF 

FOR ISffiASUREMENTS? YES □ NOD 
IF YES. WHEN? ^ ^ ,_ 



5. CAN EQUIPMENT BE SWITCHED OFF OR REDUCED 

IN POWER AS A WAY OF LESSENMG NOISE? (e.g. AT NIGHT) YESP NOP 

W YES, WIffiN? AND DOES MVESTIGATOR raEL THIS MAY HELP? 



6. HAS THE NOISE PRODUCER ANY FUTURE PLANS 

THAT MAY ABATE THIS PROBLEM? YES Q NO P 
W YES, GIVE DETAILS INCLUDING DATCS , _== 



7. WAS NOISE SOURCE OPERATING AT TllSffi OF VISIT? YESP NOP 



InvestigaticHi Officw(s): 1. 
2. 



Figure 7.3 Noise producer interview form. 
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I 
I 

It is advisable to obtain all the relevant technical 
X data about the noise source if it can be identified during I 
the visit. 



It may sometimee be advisable not to call the suspected 
noise producer before the first visit, h surprise visit 
may indicate that a laxness in procedures is a contribu- 
ting factor to the noise problemi and may prevent a quick, 
but temporary, rectification of the noise problem prior to 
the investigator's arrival. 



S.O IN¥ESTIGATOR'S OBSERVATION EEPORT 

After the investigator has interviewed the complainant and 
the noise producer, he should make an assessment of the 
noise and report his findings using the INVESTIGATOR 'B 
OiSERVATIOM FORM (Figure 7.4). 

The assessment should include the investigator's opinion 
about the cause of the noise, and the magnitude of excess 
above the allowable limits. The assessment should clearly 
establish if there is a violation of by-laws or guide- 
lines » 



I 
I 
I 
I 



I 
I 
I 
I 



A map or diagram showing land use (and zoning if avail- 

able) together with measurement locations should be added ||| 

together with any photographs or sketches of the source 

that the investigator feels is necessary. A suggested B 

form for this is presented in Figure 7.5. Relative 

location of complainant and the noise producer must be ■ 

clearly indicated in this diagram. 



I 
I 
I 
I 
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INVESTIGATIQN NUMBER 



Bsm: 



fNVFSTTnATTON REPORT 

INVESTIGATOR'S QBSERVATIQNS 



1. DOES NOISE HAVE AN AUDIBLE TONAL QUALITY? 
W YES, DESCRIBE _,_ 



YES 



NO 



2. DOES THERE SEEM TO BE A BEAT? 

3. DOTS THERE SEEM TO BE AN IMPACT NOISE? 
BF YES, DESCRIBE __^^ 



YES Q 

YES I I 



NO 

NO 


1 

□ 



4. DOES THERE SEEM TO BE A VIBRATION? 
IF YES, DESCRIBE 



YES 



□ 



NO 



5. WHAT APPEARS TO BE CAUSING THE NOISE? 



6. IS THE NOISE EXCESSIVE IN THE INVESTIGATOR'S OPINION? YES 
ANY SPECIAL REASONS: _^ . 





NO 


U 



7. CAN THE PROimM BE VERY OBVIOUSLY ABATED? 
W YES, HOW? 



YES 



D 


NO 


u 



8. WAS THE NOISE PRODUCER'S ATTENTION DRAWN 
TO THE OBVIOUS REMEDY? 

9. DID THE NOISE PRODUCER SHEM WILLING TO 
CO-OPERATE W ABATING THE PROBLEM? 

DP YES, HOW? 



YES p] NO[ I 
YES n] NOl I 



10. CIRCLE CATEGORY OF PREDOMINANT NOISE: PRIT PUBT SOEJ 
HVAC 1C>P CO^^ CDOM RECV lEDL OTHR 



Investigation Officer(s): 1 . 

2, 



Figure 7.4 Investigator's observations form. 
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Figure 7.5 



Sketch of rneasurement locations. 
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[NVEST.NO. 


MSTRUMENTATION | 


MEASUREMENT CONDITIONS 


mVESTIGATC 


iiDe !■ 




Make 


Type 


Serial No, 


Time 










2. 


Sound level meter 








Wind Speed 










NOISE CHARACTERISTIC | 


Microphone 








Wind Direction 










TONAL mPULSE 


BEAT 


Octave analyser 








Temp. 










YES 


NO 


YES 


NO 


YES 


NO 


Calibrator 








Precip. 






























R.H. % 










INTERMITTENT: Observed dijiration 










Battery 










in any 60 minute period 


CIRCLE THE CXTAVE BAND 
WHERE BEAT OCCURS 


Cal. 


Before 










< 5min 


> 5 & < iSmin. 


> iSmin. 


Afta 
















No. 


MEASUREMENT 
POSITION 


Pos'n 

on 
diag. 


Metia- 
Response 

F/S 


Time 


dBA 


dBB 


dBC 


dB 
Lin, 


dB LEVEL - O.B. CENTRE FREQUENCY ( Hz. ) 


if COMWIHSITS 


31.5 


63 


125 


250 500 


IK 


2K 


4K 


8K 16 


1 
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Figure 7.6 



Sound measyrements data sheet 
(1 octave frequency-barids). 
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DATO 


INVEST NO. 




INSTRUMENTATION 




MEASUREMENT CONDfllONS 1 


ENVESTIGATOR 


1. 










1 


S- 






Make 


Type 


Serial No. 


Time 








1 


^a. 




Sound level meter 








WindSpeai 










1/3 O.B. in which tone occurs is 




Microphone 








Wind DiroctiQn 












1/3 Octave analyser 








Temp. 










Hz. 














Calibrator 








Precip. 




















R.H. % 










dB 














. 








Balteiv 












adjacent 
bands 


total 
band 


adjacent 
bands 






Cal. 


iietoie 
Ate 














MEASUREMENT 
POSfflON 


Pos'n 

on 

diag. 


Meter 
Response 

F/S 


Time 


dBA 


dBB 


dBC 


dB 
Lin. 


dB LEVEL - 1/3 O.B. CENTRE FREQUENCY ( Hz. ) 


COMMF.NTS. 


25 


31.5 


40 
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63 
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100 
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ure 7.7 Sound measurement data sheet 

(1/3 octave frequency-bands). 
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6.0 I^ASIMIIIOJT SURVEY DATA COLLECTION 

If measurement data is collected in the field, it is to be 
documented on the forms (shown in Figures 7.6 and 7.7). 
If needed, results of measurements using 1/1 octave-band 
filters and different weighting networks are recorded on 
the form of Figure 7.6. The form shown in Figure 7.7 is 
used for 1/3 octave-band measurements only and is usually 
employed in a subeeguent investigation of a noise 
complaint. The important parts of these record sheets are 
covered be 1 ow . 

(i) Ins t rumen t at i on 

It is recommended that the serial numbers of equipment 
used in each investigation be noted as a matter of good 
practice although they may be only required when legal 
action is considered or in the case of suspected instru- 
ment malfunction. 

(ii) Weather Conditions 

The weather conditions at the time of the sound level 
measurement should be noted (under the heading "Precip.'* 
note "None/Rain/Snow" as applicable) . Local meteoro- 
logical office may provide most of this data. Outdoor 
measurements are not usually conducted when wind speed 
exceeds 16-19 km/h. Measurements are to be avoided when 
relative humidity is in excess of 90%. 

(iii) Noise Characteristics 

Indicate on the data sheet if the noise is tonal, 
impulsive or has a beat. 
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Figure 7.8 Graph used to plot frequertoy 

speotrum of noise. 
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( i V ) Intermittency 



The length of time the noise is 'observed' in a 60-minute 
period is noted under one of the three headings of less 

K or equal to five minutes^ between five mtx4 15 minutes or 



more than 15 minutes. 

Frequency graph of Figure 7.8 is used to plot both full 
octave and 1/3 octave-band measurements. 



7.0 COMPLAINT STATISTICS 



I Keeping a record of noise complaints can reBult in useful 

statistics to answer various questions thought to be of 
Interest either at the time the statistics are gathered or 
at a later date. 

Some examples of useful analysis of noise complaints arei 

the number of noise complaints received per year or 
per month; 



the number of complaints in each noise source 
category; 

the geographical areas in which the complaints most 
occur; 



I - the average length of time taken to investigate a 

complaint; 



the number of complex and less complex investiga- 
tions; and 

the number of people benefiting from noise 
reduction. 



7 - 20 



100 T, 



80-- 



60-- 



40-- 



No. of 

Non-HVAC 

Complaints 



20- 



Jan. Feb. Mar. 



May June July Aug. Sept. Oct. Nov. Dec. 



lOOTNo.of 

HVAC 

Complamts 
80-h 



60-- 




40-- 



20-- 



Jan. Feb. Mar. April May June July Aug. Sept Oct. Nov. Dec. 



100 ]|"Mean Daily 
Max. Temp. 



80-- 



60-- 



40-- 



m F 



20- 



Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 



Figure 7,9 1974 Noise Complaint Statistios 

of a typical municipatlty. 
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Th# main purpoee of most complaint statistic analysis is 
to provide information which will be of use in planning 
furthar manpower and instrument allocation in local noise 
control programs. Consider the three histograms of 
Figure 7.9 as an illustration. HVAC and non-H¥AC 
complaints are shown for each month in a municipality, as 
well as mean daily maximum outdoor temperature. Most of 
HVAC complaints occur during the three warmer months - 
June, July and August. Non-HVAC complaints are less 
dependent on weather conditions, although a peak effect is 
also noted in the same three months. The graphs clearly 
indicate an increased workload in summer months and hence 
provide a tool in the planning of resources for noise 
control activity. 

The statistics, when studied, will probably reveal ways in 
which the municipality's procedures, staff and equipment 
can be better directed. 

The information gained from the analysis may provide an 
indication of the effectiveness of the noise control 
activities being carried out. 

The information may allow problem areas to be identified 
and would indicate whether further action by the 
authorities is required. 



8.0 LAYIHG GHARGES UHDER THE ENVIEONMENTAL PROTECTIOIJ 
ACT OR A MUNICIPAL NOISE BY-LAW 

8.1 The complainant should find a Justice of the Peace 
with the appropriate jurisdiction. He should be able 
to find one at his local municipal building. 
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8,2 The complainant must lay before the Justice an 

information, in writing and under oath, charging the 
accused person with the appropriate offense. 



8.4 ^t trial, the complainant is the prosacutor. In 

order to obtain a conviction, he will need to prove 
his case against the defendant beyond a reaeonable 
doubt. The complainant should be prepared, if 
necessary, to subpoena a witness or witnesses. 



8.6 A complainant should remember that although the Judge 
may award costs, this is not commonly done. He will 
probably have to pay all the expenses of the prosecu- 
tion (but not of course of the defence) . 



I 
I 
I 
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8.3 If all the formal requirements are met, the Justice I 

must take the information and proceed to hear the 
complainant's allegations, TOiere he considers that a 
case has been made out for so doing, he will set a 
date for a trial and issue a summons to the defend- 
ant. 
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8.5 The complainant may find it desirable to employ legal 
counsel or to enlist the service of a by-law officer 
to assist him in his prosecution. By-law officers 
have experience in these matters and since similar ■ 

charges will often be heard on the same day, one may 
be in court that day anyway. 
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1 INTEOOUCTIOl 

This report is a simplified guideline manual for tlie 
prediction of road traffic noise. It presents the 
procedure required by this Ministry for the prediction 
of equivalent sound levels, L@g, due to road traffic. 
This procedure is to be used for land use planning, 
approvals of new installations or abatement.* 

The prediction model is based on an enhanced and 
simplified version of a procedure developed by the U.S, 
Federal Highway Mministration.** Results of studies 
oonducted to determine the prediction accuracy of the 
model on Ontario roadways have indicated that, within the 
limitations described in Section 4, the average differenca 
between the measured and predicted sound levels is about 

2 dBA. 

The raanual is structured in the following manner g 

ieotidns 2 and 3 contain step-by-step instructions on 
the method used to calculate sound levels due to road 
traffic. 

Section 4 contains limitations of the prediction 
model in terms of traffic speed, distance, volume and 
topography . 



The final eection containa a sample ealculation. The 
calculation J ^^ performed through the use of tables 
and traffic noisa prediction worksheets. 



* In complex situations involving multiple roadways, 
multiple shielding mechanisms and/or varying 
topography, it is more appropriate to utilize a 
computer program available from the Noise Assessment 
Unit, Ministry of the Environment. 

** Bibliography and theoretical background are contained 
in a separate document. 
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2 TRAFFIC SOUND LEVIL FOR A SIMGLl ROADWAY 
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The following procedura sTiall be used to calculate the 
One Hour Equivalent Sound Level at a point of reception 
due to traffic on a single roadway. The tables used in 
the Galculations are contained in Appendix A. 

Procedure Symniary 
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Heavy 

Truck 

Adjustment 
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2.1 idantif icatioii of Road Seetions (Elements) 



(a) ^Ihere a roadway extends for large distances on 
either side of the point of reception, the 
calculation shall assume that the roadway 
extends I in each direction, at least six times 
the perpendiGUlar distance from the point of 
reception to the roadway centre. 



(b) A roadway of less than four lanes shall be 
represented by a series of straight line 
sections along its centre. 

A roadway having a total of four lanes or more 
shall be divided into one or more sets of lanes 
for each direction of traffic flow. A raaxiinum 
number of four lanes should be included in one 
set. Each set of lanes shall then be 



I 
I 

m 

I 

i 



i 



fW '"''^^'■'^-^ -T*'^-'T<'9.'' ";^-.p -.r<';^f •«"';■' ■- ^ '■<^^7f- ''3iWiara^rf.-''--S!i^'J« 



I 
I 
I 



I 
I 
I 

i 
I 
I 
I 

'I 

I 



A-3 



repres anted by a series of straight line 
sections along its centre. 

(c) A section of road sTnall be as long as possible 
but sliort enough to ensure that the following 
variables are approximately constant along its 
length: 

*• road alignment? 

"• road gradient (if heavy trucTfee are present )? 

» paveittent surface type? 

* traffic flow conditions s 

® total traffic volume 

* traffic composition 

® posted speed limit 
- attenuation mechanisms: 

^ ground absorption 

** shielding 

2-t Sound Level from a Single Road Section (Element) 

The following calculations shall be used to determine the 
One Hour Equivalent Sound Level Gontribution from each 
road section. The method employed in deriving one hour 
traffic volumes from average daily traffic volumes is 
described in Appendix C, . 

■fa] Traffic Volume 

Traffic volumes can be obtained from the following 
sources : 

(i) Annual MTG Reports, "Provincial Highways, 
Traffic Volumes" published by the Highway 
' Program Planning Office, and "Commercial 

Vehicle Travel Data" published by the 
Transportation Demand Research Office. 
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(ii) TraffiG Dapartment of the local muoicipal 
offlcp. 

(iii) Individual Traffic Volume Count. 

Vehicles shall be counted for at least 20 
minutee and the time interval of 
observation shall be noted. The total 
traffic volume, in vehtcles per hour, is 
the number of vehiclee counted divided by 
the time interval represented as a 
fraction of an hour. 



The vehicles considered shall be placed into one of 
the following categories: ' 

® Automobiles - all vehicles having two 

axles and four wheels designed primarily 
■^or transportation of nine or fewer 

Sanger s or transportation of light 
s. ^ (e.g. vanSf light trucks). 
Generally, the gross vehicle weight is 
less than 4500 kilograms. 

■ Madium trucks - all vehiclas having two 
axles and six wheels. Generally, the 
gross vehicle weight is greater than 4500 
kilograms but less than 12,000 
kilograms . 
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If the total one hour traffic volume 

based on a traffic count of at least 20 

minutes is less than 40 vehicles per 

hour, vehicles shall be counted for the H 

full one hour period- If the full hour 

count is still less than 40 vehiclee, I 

this noise prediction method is not to be 

usedf. - ■' ■ ^ . 
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** Heavy trucks - all vaTiicles having three 
or mora axles and designed for the 
• transportation of cargo. Generally , the 
"''gross vehicle weight is greater than 
12,000 kilograms, (Buses, although two 
■ axle vehicles, are included in this 
category) . 

(b) Adjusted VQlume of Heavy Trucks 

The adjustment shall be made by raultiplying the 
percentage of heavy trucks travelling in the up-grade 
direction by an adjustment factor given in Table 1. 
The adjuetment shall be applied only where the total 
vertical distance from the bottora to the top of the 
grade is at least 6 metres, and on roads having 
gradients of 2% or more. The adjusted percentage of 
heavy trucks shall then be converted to an adjusted 
volume . 

(c) Percentage Trucks (Medium + Heavy I 

The combined volufie of vehicles classified as medium 
trucks and heavy trucks f adjusted if required) shall 
be expressed as a percentage of the total hourly 
traffic volume which was determined in Subsection 
2.2(a) . 

C d } Perce., age of Medium Trucks 

The volume of vehicleB classified as medium trucks 
shall be expressed as a percentage of the total 
volume of trucks (medium and heavy) determined in 
Subsection 2.2(c). 
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( e ) Reference Hourly Bound Lavel 

The Reference Hourly Sound Level a% the reference 
distance of 15 metres from the centrelin© of the road 
section and the reference volume of 40 vehicles per 
hour shall be determined using Tables 3 throufh 6- 
Where the actual pereentage of trucks (medium + 
heavy) is not provided, the nearest value shall be 
used.. - . ., 

If) Measurement of Distance 

The distance (in metres) between the point of 
reception and the centreline of the road section 
shall be measured along the shortest line joining the 
point of reception to the centre of the road section 
or its extension. 

(g) Adjustments 

The following adjustments shall be made to the 
Reference Hourly Sound Level . 

( i ) Adjustment for Traffic Volume 

Table 2 gives the adjustment for traffic volume 
to be added to the Reference Hourly Sound 
Level . 

|ii) Adjustment for Distance 
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Table 7 shall be used to adjust for distance and -^ » 

for the type of ground surface between the point 

of reception and the centreline of the road ■; 
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"RefleGtive Sur faces " 

Water, ice, asphalt, gravel, aarfh or 
other hard-packed surfaces are sound 
reflective. 

If more than half of the ground surface 
between the centreline of the road 
section and the point of reception is 
sound reflective, the adjustment for 
distance and for the type of ground 
eurface shall be determined using the 
section of Table 7 for Reflective 
Surfaces. The adjustment shall be added 
to the Reference Hourly Sound Level. 

"Other Surfaces (Mon-Ref lective) " 

Xf less than half of the ground surface 
between the centreline of the road 
section and the point of reception is 
sound reflective, the adjustment shall be 
dependent on the total effective height. 
The total effective height shall be 
determined by adding together the height 
of the point of reception above the 
ground, the effective height of shielding 
between the source and the receptor, 
(typical situations shown in Table 7), 
and the effective source height of road 
traffic obtained from Table 8- The 
adjustment shall be determined using the 
section of Table 7 for Non-Reflective 
Surfaces and shall be added to the 
Reference Hourly Sound Level* 
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(iii) Adjustment for Road Element Size 

The adjustment for road element size is based on 
the angle subtended at the point of reoeption by 
the roadway seGtion, see Table 10. The 
adjustment for road element size will also be 
dependent on the major type of ground surface 
within the sector. 

" Re f 1 ec t i V e S ur fa c e s " 



"Other Surfaces (Hon-RefleGtive) " 
Adjustment for Non-Reflective surfaces is 
considered only if the total effective 
height is less than 10 m. If the total 
effective height equals or exceeds 10 m 
or a barrier separates road element from 
reGeptor, adjustment in Table 9 applies. 

Table 10 shall be used to determine the 
qular relationship between the road 
ion and the point of reGeption. 
Ac ments for various combinations of 
angle, can be determined from Table 11. 
The adjustment shall be added to the 
Reference Hourly Sound Level. 

The rainimura value of the adjustment 
equals -1 dBA which corresponds to a 
subtended angle of 180° . 
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Table 9 shall be used to determine the 

adjustment for road element size if more 

than half of the ground surface within 

the sector is sound reflective. The 

adjustment shall be added to the 

Reference Hourly Sound Level. I| 
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(i\f) Adjustment for Pavement Surface Type 

An adjustment for the effect of road pavement 
surface shall be applied only on road sections 
having poeted speed limits equal to or greater 
than 80 ■km/h. The adjustment shall be obtained 
from Table 12. 

fifl Adjustments for Shielding 

Shielding can be provided by vegetationi rows of 
houses or by a solid obstacle (barrier) . 

Dense Woods * 

An adjustment for the attenuation 
by trees shall be made if and only if the 
woods are very dense, i.e. there is no 
visual path between the receiver and the 
road section (may not hold for deciduous 
trees in winter) , and if the trees extend 
at least 5 metres above the 
line-of -sight. Table 13 gives the 
adjustment for shielding provided by 
dense woods . 

Rows of Houses * 

Table 13 gives the adjustment for 
shielding provided by rows of houses. 



* \fhen a receiver is shielded by dense woods or rows of 
houses, the ground surface must be considered 
"reflective" , 
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Barriers ** 

AppendiK B shall be used to obtain tlie 
adjustment for attenuation provided by 
any solid obstacle. 

Combined Shielding Meclianisms 

Where several types of shielding exist, 
the adjustments are additive up to a 
maximum attenuation of 20 dBA* In 
addition, the combined effects of denee 
woods and rows of houses are only 
additive up to a maximum of 10 dBA, 

(h) Resultant Sound Level Contribution 

The One Hour Equivalent Sound Level at the point of 
reception due to traffic on a road section is the 
Reference Hourly Sound Level as determined in 2.2(e) 
and adjusted according to 2.2(g). 

2.3 Determination of Total Souiid Level 

The total One Hour Equivalent Sound Level at the point of 
reception due to traffic on a single roadway shall be 
determined by combining the sound level contributions from 
each road section using the rule for addition of sound 
levels in Table 14. 



** Where two or more barriers intersect the line-of-si 
between the source and receiver, it is a conservative 
practice to employ only the most effective barrier. 
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3 tmFWlC SOUND LEVIL FOR MULTIPLl ROhBS 

The One Hour Iquivalent Sound Level at a point of 
reception due to traffic on multiple roads shall be 
calculated by corablning tbe sound levels resulting from 
each individual roadway as per Section 2 . The individual 
One Hour Equivalent Sound Levels from the contributing 
roads shall be combined using the rule for addition of 
sound levels in Table 14. 



4 LIMITATIONS 

The method for predict ion of traffic noise described 
herein is not applicable wheni 

(i) The distance from the point of reception to the 
centreline of any road section is less than 
10 m, 

(ii) The posted speed limit of traffic is less than 
40 km/h. 

Ciii) The hourly traffic volume is less than 40 
vehicles per hour. 

In addition, the prediction accuracy may decrease where: 

- the topography is very irregular (e.g. many 
different intervening man-made or natural 
obstructions or substantial variations in ground 
cover) I 

- the distance from the point of reception to the 
eentreline of any road seotion is less thaii 

15 m; 
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m the roadway has eubstantial variations in 

alignment (horisontal/vertical) or pavement 

surface I' 

the roadway features interchanges/ inter sectione, 
ramps , etc i 

eubstantial differences exist between the speeds 
of cars, medium trucks and heavy trucks. 

- posted speed limit is less than 50 km/h . 

It is advisible to use a comprehensive noise prediction 
model in the above specified cases. 
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5 SAMPLE CALCULATIONS 

Tliis section contains sample calculations of the One Hour 
Iquivalent Sound Level, Leq(h) , generated by road traffic. 
The calculations were performed through the use of tables 
and noise prediction work sheets. 

PRQBLEH 

Refer to Figure I. Using the information provided, 
determine the One Hour Equivalent Sound Levels, LgqCh), 
at the receiver due to traffic on the highway before and 
after barrier construction. 

The road is flat (no gradient), infinitely long and paved 
with typical asphalt. The road and the surrounding terrain 
are at the same grade? the ground is non-reflective. The 
receiver is located 1.5 metres above ground. The barrier is 
3 metres high- 

SQLUTIQN 

The traffic sound levels before and after the barrier is 
constructed have been calculated on separate work sheets. 
Refer to Figures 2 and 3. 

5.1 Before Barrier Sound Level 

STEP 1. Since the traffic flow conditions and the 
characteristics of the road and of the surrounding terrain 
are uniform along the length of the highway under 
consideration, the road need not be divided into sections. 
Enter the appropriate lane designations for the two-lane 
highway on Line 1 . 
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FldURE 1 
Conditions On Site 



!> Infinite ,Hi|]^4y i:5;>;5S:: 

! I J J I ' 1 i II ^ i I ' ! I . i .' J II T K ' M ' L C i ■ 



:Ro«d A 



:Centz«line- 



n 



iM. . H II J ... . . . k ' . . 1 . 1 L 



ft ' J . r. ! ■ . ■ - 1 1 1 ■ J T T T vi 1 . 1 1 ; J ;: ■; . a i . ■ . . ■. J . 



(A) Before Barrier 



10 i 



Recti vtr 



Teiiain 
(Flat/lton-refltctive) 



Section A 



Section B 



Section t 
Hi //• 




(1) Plan Vieii 



(2) Elevation Viev 



(B) After Barrier 



Vehicles Per Hour 


Posted 
Speed 

(kii/h) 


Passenger 
Cars 


Hidiuni 
Trucks 


Heavy 
Trucks 


910 


20 


70 


80 



(C) Traffic Data 
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FIGURE 2 Smpl^ galculatjon - Before Barrier 

Date Hw 5, 1986 File LP - 5001 Project Otsciiptlon Itoad A - Before BairleT 









Road A 






1 


Lanes/Road Section (Eleftent) 


EB and 116 












2 


volune -Autonobiles (vpD) 


S 2.2(a) 


910 
























a 


n&iim TruoKs (vpli) 




20 
























4 


Heavy Trucks (vph) 




70 
























5 


Total Volune (vpti) 




10QD 
























6 


Posted Speed i^mm} 




80 
























7 


Heavy Trucks (t) 




7 


























Adjusted Heaw Trucks 


S 2.2(b) 


























8 


Road Gradient (i) 





























9 


AdJustJient Factor 


Table 1 


























10 


Adjusted Volyne (vpti) 




























It 


Hediui & Heavy Trucks (t) 


S 2.2(c) 


9 
























12 


nediun Trucks (t) 


S 2.2(d) 


22 
























13 


Reference Sound Level (dBA) 


Tables 3-6 




59 
























Effective Keiohts 




























14 


Source (s) (i) 


Table 8 


1.6 
























15 


Receiver (r) (n) 




1.5 
























16 


Shielding (t+p) (i) 


Table 7 


























17 


Total Effective Heigtit (i) 


Table 7 


3.1 


























ftdiustfients 




























18 


Volune (dDA) 


Table 2 




14 






















19 


Oistanct («) 




30 
























20 


Reflective (dBA) 


Table 7 


























21 


Non-reflective (dBA) 


Table 7 




-5 






















22 


Elenent, 8 | (duress) 




-90 
























23 


2 (degrees) 




90 
























24 


Reflective (dii) 


Table 9 


























25 


Non-reflective (dBA) 


Table 11 




-1 






















2i 


PaveRent Surface (dBA) 


Table 12 



























27 


Moods Cd8A) 


Table 13 


























28 


Rous Of Houses (dBA) 


Table 13 




























Barrier Shieldincf 




























29 


1 (degrees) 




























30 


e 2 (degrees) 




























31 


Finite Barrier index 


Table B1 


























32 


Path Length iiffeience(n) 


Table 62 


























33 


Barrier Attemiation (dBA) 


Table B2 


























34 


Section Lec)(h) (dBA) 






67 






















35 


Road Leq(n) (dBA) 


Table 14 
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FI6URE 3 SiiP_le..£iM 

mi 1 «f|ifh riffl-ff Mnv S 1P^ F«^«> LU - SQQ1 


latit 


)n ~ 


After Barrier 1 


Pmiefit DescriDtion 


Doad A - After Barrier 


m 










Section A 


Section B 


Section C 


!■ 1 


unes/mM seetioi) (Cientrit) 


CO and UB 




IB and UB 




C6 and UB 






2 


mimt -AutoNobilts (vpti) 


S 2.2(8) 


910 








910 








910 








3 


nediiMi Titjcks (vpH) 




20 








20 








20 










4i , 


Heo^ Tiiielcs (vpH) 




70 








70 








70 








1 5 


Toi:ai mimt (^) 




11KNI 








lOtlU 








inon 










6 


Postwl Spte^ at«/h) 




80 








80 








60 










T 


Heavy Tiucks (1) 




I 








7 








7 










(Wiusted Hfe«vy Tiucks 


S 2.2(&) 




















1 






i 


Rows 6i«tkent (i) 































9 


MJustPiefit fmwi 


Table 1 




























10 


Adjusted VQlunt (vpn) 




























11 


Itediufi S Heaw Tiyci^ CD 


S 2.2(c) 


9 








9 








9 










12 


mmuN TtucKs (i) 


S 2.2(d) 


22 








22 








22 










13 


Reference Souwl Level (<1BA) 


Tables 3-6 




59 






59 








59 






Effective HeiQhts 




























14 


SoiMcce (s) (N) 


Table 8 


1.6 








1.6 






1 


1.6 








15 


Heceivei <r) («) 




1.5 








1.5 






1.5 










m 


Shieldino (t*p) («) 


T«ble 7 










6 
















1 11 


fotal Effective Heioht (») 


Table 7 


3.1 








9.1 








3.1 










■ 


lyiustiieiits 






























18 


Voluiie (dBft) 


Table 2 




14 








14 






14 




^^^ 


19 


Distance i^) 




30 








30 






__^ 


m 






1^^,^ 


. W 


20 


l^fleetive (fi8ft) 


Table 7 




















^^^ 


21 


ioft-reflective (dBi) 


Table 7 




-S 








-3 








-S 








22 


Clcnent, i ^ (deflrtes) 




-90 








-60 








60 










e 


^ (<tepees) 




-60 








60 








90 






^^^ 




24 


ReOtctive (^^) T«ble 9 




"^ 








-2 












^^^ 




m 


Moil-reflective (dBA) 


Table 11 




-11 
















-11 




^^ 




26 


Pavenent surface (<«ft) 


Table 12 



























^^^^ 




27 


ioods (dBA) 


Table 13 




















^^^^^ 




I^HBI 




20 


Rmis Of Houses (dOA) 


Table 13 
















1 







^^^^ 






iarrler Welding 






























29 


8 1 (degrees) 












-60 


















30 


« J (defliees) 












60 
















i 


31 


finite Barrier Index 


Table B1 










20 
















■ 


;, .32 


Path Length Oiffefence(n) 


fable B2 




_ 






.148 














^^^ 


I 


33 


Dairier Attenuation (dOA) 


Table 02 










— 


-9 












1^^^ 


1 


34 


Section LenCh) (dBA) 






SI 






59 








57 




M^H 


tM. 


35 


Road Le<i<h) (dBA) 


Table 14 




62.5 


1 
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STEP 2. Complete Lines 2-6 and 8 from tTne data given in 
the problem statement. Complete Line 7. The heavy trucks 
are expressed as a percentage of total volume. 

STEP 3. Determine the adjustment factor for heavy trucks 
on up-hill gradee from Table 1. Enter the adjustment 
factor on Line 9 and the adjusted volume on Line 10. In 
the given sample caleulation, the road gradient is 01 and 
no adjustment is required. 

STEP 4. Calculate the percentage trucks (medium + heavy) 
(9%) as per section 2.2 (c) and enter on Line 11. 

Calculate the percentage of medium trucks (22%) as per 
Section 2.2 (d) and enter on Line 12, 

STEP 5. Determine the Reference Sound Level from Table 
3, using the data shown on Lines 6, 11, and 12. Enter 
this reference level (59 dBA) on Line 13. 

STEP 6. Determine the Effective Source Height (1.6m) 
from Table 8 and enter on Ltne 14. Enter the Receiver 
Height (1.5 m) on Line 15. Enter the Total Effective 
Height (1.6 m + 1.5 m) on Line 17. 

STEP 7- Det ^ ne the adjustment for volume from 
Table 2, using l volume of 1000 vehicles shown on Line 
I. Enter this adjustment (14 dBA) on Line 18. 

STEP 8. Complete Line 19 (30 m) . Determine the 
adjustment for distance from the section of Table 7 for 
non-reflective surfaces using the data shown on Lines 17 
and 19. Enter the adjustment (-5 dBA) on Line 21. 

STEP 9. Refer to Table 10 and determine the angles 01 ' 
and 02. Enter 0i ^ -90" and 02 = +90° on Lines 22 and 
23. 
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Detarmina the adjustment (-1 dBA) for road element si^e 
from Table 11 and enter on Line 25. 

STEP 10, Determine the adjustment (0 dBA) for pavement 
surface type from Table 12 and enter on Line 26, 

STEP 11, Caloulate the resultant sound level, L^qCh] 
(67 dBA) and enter on Lines 34 and 35, 

5.2 After Barrier Sound Level 

STEP 1. As shown in Figure 1, due to the finite barrier, 
the highway must be divided into three sections. Refer to 
Table 10 and determine 0i and 02 for each section. 
Ci) Section A 0i = -90% 02 = -60^ 
(ii) Section B 0i ^ -60*, 02 = +60'* 
(iii) Section C 0i =^ +60% 02 - +90** 

STEP 2. Enter the appropriate lane designations for 
Sections A, B and C on Line 1. 

STEP 3. For each road section complete Lines 2-15. The 
entries are identical to those recorded in Section 5.1. 

( i ) Section A 



I 
I 

I 
I 

IB 

I 
I 



I 
I 



I 



SfEP 1. Complete Lines 17-21 and 26. The entries are 
identical to those recorded in Section 5.1. 

STEP 2. Inter $\ - -90* and 02 = -60" on Lines 22 and 
IS* Determine the adjustment (-11 dBA) for road element 
size from Table 11 and enter on Line 25. 

STEP 3. Calculate the resultant sound level Leq(h) 
(57 dBA) and enter on Line 34. 



I 
I 



^=ii^' Si^^iiLiSf tti'r.^\,ix- ^ 



''t.m^K--l^^'^^ " ™*? :. ^ fw ~ ■■ ' ' ^■■^If^ : ■*e?8,'T 
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(ii) Section B 

STEP 1. Refer to Table 7 and enter the effective lieight 
of shielding (t + p = 6 m] on Line 16. Determine the 
Total Effective Height (9.1 m) and enter on Line 17. 

STEP 2. Complete Lines 18, 19 and 26. The entries are 
identical to those recorded in Section 5.1. 



I STEP 3. Determine the adjustment (-3 dBA) for distance 
from Table 7 using the data shown on Lines 17 and 19 » 
Enter the adjustment on Line 21. 



STEP 4. Enter 0i - -60* and 02 = + 60* on Lines 2 2 and 
23. Determine the adjustment (-2 dBA) for road element 
size from Table 9 and enter on Line 24. 

STEP 5, Enter 0i - 60* and 02 - +60® on Lines 29 and 30 
Determine the Finite Barrier Index (20) from Table Bl and 
enter on Line 31 ■ 

Determine the Path Length Difference (0.148 ra) using the 
figure and formula in Table B2 and enter on Line 32. 

Determine the Barrier Attenuation (-9 dBA) from Table B2 
and enter on Line 33. 



I STEP 6. Calculate the resultant sound level Leq(h) 

(59 dBA) and enter on Line 34. 



C ii i ) Section C 

STEP 1. Complete Lines 17-21 and 26. The entries are 
identical to those recorded in Section 5.I. 
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STEP 2. Enter 0i - +60* and 02 ^ +90" on Lines 22 and 
23. Daternitne the adjustment (-11 dlA) for road element 
size from Table 11 and enter on Line 25. 

STEP 3. Calculate the resultant sound level Leq(h) 
(57 dBA) and enter on Line 34. 

(iv) Combined Sound Level 

Calculate the Gombined LeqCh) (62.5 dBA) for road Sections 
A, B and C using the rule for addition of sound levels In 
Table 14, Enter the road Lgqfh) on Line 35. 



5.3 Barrier Insertion Loss 

The net reduction in the traffic sound level provided by a 
barrier is called the Barrier Insertion Loss (BIL), i.e. 

BIL = Level (Before) - Level (After) 

In this problem, the barrier insertion loss is 4.5 dBA 
(67 - 62.5) . 

Note: The barrier attenuation and the barrier insertion 
loss are identical only if (a) the barrier shields the 
entire roadway and (b) the ground surface between the 

source and the receiver is "sound reflective". 



I 



I 



I 



I 
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APPENDIX A 



TRAFFIC NOISE PREDICTION TABLES 
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Art iiijitinpnt to Percerttaae of Heavv Trucks on Up-Hil l Grades 



■ 

I 



Road 

Qraiient 

1 


Adjustiiient f aotor 
( Multiplicative ) 


to less than 2 

2 to less than 5 

5 to less than 7 

Over 7 


1 
1 



TftBLE 2 
Ad iustinent to the Reference Hourl y Sound Level for Trafflo Voltfl^e 



Use the nearest listed value when the aotual value of voluine is not listed. 



Hnufly 


Adjustnent 


Hourly 


Adjustaent 


Hourly 


Adjustiaent 


Traffic 


(Additive) 


Traffic 


(Additive) 


Traffic 


(Additive) 


Volune 


dBA 


Holmae 


dBA 


\lQliine 


dBA 


40 





315 


9 


2000 


17 


50 


1 


400 


m 


2500 


18 


m 


i 


500 


n 


3150 


19 


80 


1 


eao 


m. 


4000 


20 


100 


* 


800 


ts 


5000 


21 


125 


5 


1000 


ii 


8300 


22 


160 


■ft 


1250 


» 


8000 


23 


200 


1 


1600 


m 


10000 


24 


250 


i 











I 



I 
i 



I 
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Given the posted speed limit of traffic in km/h and the total percentage of 
trucks (including medium and heavy trucks), the following Tables 3 and 4 
provide the predicted Reference Hourly Sound Level at 15 m from the 
centreline of a road section lith a total traffic volume of 40 vehicles per 
hour (vph). Use the nearest listed value when the actual value of speed or 
truck percentage is not listed. 





TABLE 3 










Reference Hourly Sound Level in dBA at 15 ro and 40 vph: 








Per cent age of Medium Trucks in the Range ol 


- - 25 %. 












POSTED 


P E R C E M T A G E TRUCKS 


(MEDIUH+HEAyY) 




SPEED 


km/h 


1 2 4 6 9 12 16 21 26 


35 45 60 


60 


100 ' 


40 


48 49 51 53 54 55 57 58 59 


60 61 62 


63 


64 


SO 


50 51 53 54 56 57 58 59 60 


61 62 63 


65 


66 


60 


52 53 55 56 57 58 59 60 i1 


62 63 65 


66 


67 


70 


54 55 56 57 58 59 60 61 62 


63 65 66 


67 


68 


80 


55 56 57 58 59 60 61 62 63 


54 55 67 


68 


69 


90 


56 57 58 59 60 61 62 63 64 


65 66 67 


69 


69 


1 100 


57 58 59 60 61 62 63 64 65 


66 67 68 


69 


70 



TftBLE 4 





Reference Hourly Sound Level in dm at IS 


m and 40 vph: 








Percentaae of Medium Trucks in the Ranae ( 


3f 26 


- 50 %. 














POSTED 


P E R C E N t A 6 E TRUCK 


S 


CMEDiyrt+HEWY) 




SPEED 












km/h 


1 2 4 6 i 12 16 21 26 


35 


45 60 


eo 


100 


40 


47 49 51 52 53 54 56 57 57 


59 


60 61 


62 


63 


50 


50 51 53 54 55 56 57 58 59 


60 


61 62 


64 


65 


60 


52 53 54 55 56 57 59 60 60 


62 


63 64 


65 


66 


• 7i 


53 54 56 57 58 50 60 61 61 


63 


64 65 


66 


67 


80 


55 56 57 58 59 60 61 62 62 


64 


65 66 


67 


68 


00 


56 57 58 59 60 61 62 63 63 


65 


65 67 


68 


68 


100 


57 58 59 60 61 62 63 63 64 


65 


66 67 


59 


69 



•^^:- • -v^' 
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Given the posted speecl limit of traffic in km/h and the total percentage of 
trucks (includiiig iwediuii and heavy trucks), the following Tables 5 and 6 
provide the predicted Reference Hourly Sound Level at 15 m from the 
centreline of a road section with a total traffic volume of 40 vehicles per 
hour (vph). Use the nearest value when the actual value of speed or truck 
percent age is not listed. 



TABLE 5 

Reference Hourly Sound Level in dBfl at 15 m and 40 vph: 
Percentage of nedium Trucks in the Range of 51 - 75 %. 



POSTED 




P ER G 


E N T 


A 6 


E 


T R U C K S 


(HEOIUM+HEAVY) 




SPEED 


km/h 


1 


2 


4 


5 


9 


12 


16 


21 


26 


35 


m 


60 


80 


100 


40 


47 


46 


SO 


51 


52 


S3 


54 


55 


56 


57 


58 


59 


61 


62 


50 


49 


SO 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


60 


51 


52 


53 


54 


56 


56 


57 


58 


59 


60 


61 


63 


64 


65 1 


70 


S3 


54 


55 


56 


57 


S8 


59 


60 


60 


62 


63 


64 


65 


66 


80 


SS 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


SO 


56 


57 


58 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


too 


57 


58 


59 


59 


60 


61 


62 


63 


63 


65 


65 


67 


68 


69 



TABLE 6 

Reference Hourly Soynd Level in dBA at 15 m and 40 vph: 
Percentage of riedlum Trucks in the Range of 76 - 100 %. 



POSTED 




p E 


R C E N 1 


ABE 


T 


R U K S 




(MEDIUM+HEAVY) 




SPEED 


kin/h 


1 


2 


4 


6 


9 


12 


16 


21 


26 


35 


45 


60 


80 


100 


40 


46 


47 


48 


49 


SO 


51 


52 


53 


54 


55 


56 


57 


58 


59 


50 


49 


50 


51 


52 


53 


53 


54 


55 


56 


57 


58 


SO 


60 


61 


60 


51 


52 


53 


S3 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


70 


53 


53 


54 


55 


56 


57 


58 


58 


59 


60 


61 


62 


63 


64 


30 


54 


55 


56 


56 


57 


58 


59 


60 


60 


61 


62 


64 


65 


65 


90 


56 


56 


57 


SB 


59 


59 


60 


61 


62 


63 


64 


65 


66 


67 


100 


57 


57 


58 


59 


60 


60 


61 


62 


63 


64 


65 


66 


67 


68 



.?' w 
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TABLE 7 




ftdlystiuent for Distance from Centreline of Road to Point of ReceDtion 












Total 


Perpendioylar Distance from Centreline of Road 






Effeotivt 
Height 

(iii) 


to Point of Reception (m) 


I 
• 


10* 15 20 30 40 50 60 80 TOO 120 150 200 250 \ 


MO 


^H 


All 


Adjustmont in dBA for Reflective Surfaces 






Heights 


2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 


Height 

1.5 


Adjustinent in dSA for NonrRef lective Surfaces 

3 -2 -5 -6 -8 -9 *11 -12 -14 -15 -17 -18 


-23 




2 


3 -2 -5 -6 -8 -9 -11 -12 -14 -15 -17 -18 


-23 


3 


3 -2 -5 -6 -8 -9 -11 -12 -14 -15 -17 -18 


-23 




4 


3 -2 -4 -6 -7 -9 -10 -12 -13 -14 -16 -17 


-22 


© 


2 -2 -4 -5 -7 -8 -9 -11 -12 -13 -14 -16 


-20 




8 


2 -1 -3 -5 -6 -7 -8 -9 -10 -11 -13 -14 


-17 




10 


2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 


12 


2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 




16 


2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 


20 


2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 




25 


2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 




32 


2 0-1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-IS 


40 


t -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 




50 
60 


2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 
2 -1 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 


-15 
-15 




NO BARR^ QMRIIR ^WIER (depressed road) 






Smtm 

T" 
s 


Rtce 


Lvtr 




"-^^ m.^ f ^ ™ source f || "T 

1 Till 1 ..^^^^^ 




Efftctivt Miight»s*r Effsetivg Hiiiht-s*t+p*r Effeotivt Htight-s*t*p*r 






BffiRlER (dtpr^sed site) NO mmm NO BARRIER 
^n,.r.» Sourci„ .!^ 


*iver 


T" [ 


T R«c.iver 1 ,^^^,^^^ ^^^ 1 






Effective Heiflht-sn^pT Effeotivt Height-s*p*r Effective Htight-sn*r 










* Predictio 


n 


accuracy decreases for distances less than 15 ra from road centre. 
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TABLE 6 
Effective Source Hei g ht of Road Traffic 



I 



Uriadjusted Peroentage 
of Heavy Trucks 
in Total Flo* (%} 


Effective Sou roe 
Haigtit (m) 





0.5 


1 


1,0 


' 1 


1.2 


s 


1.3 


i 


1.4 


1 


1.5 i 


6-7 


1,i 


8-9 


r.7 


10-11 


i,a 


12-14 


1.9 1 


15-17 


2,0 I 


18-21 


2. 1 


; 22-25 


2.2 1 


26-30 


2.3 


>30 


2.4 



TABLE 9 
Adi ustment for Road Element Size: Reflective Surfaces 



Sybtended 

Angle q 

(degrees) 


Adjustiient 
(diA) 


Subtended 

Angle e 

(degrees) 


■ 

Adjustment 
(dBA) 


180 





50 


-6 


160 


~1 


45 


^. i 


140 


-1 


40 


*f 1 


120 


-2 


35 


^ : 


100 


-3 


30 


^ 


go 


-3 


25 


-i 


80 


-4 


20 


-10 


70 


-4 


IS 


■ -11 


60 


~5 


10 


-13 


55 


-5 


5 


-16 



I 

1 

"Ml 

W 



'■HI 



I 
I 



I 



I 



iSb . ssilsSi'm&,. 



«;*;,.»=...JL 



^tfv' •. '9s^e^'^- ^JlffC'i'- ^B^revWi^- .s; *"^'-"5 



-•V —J ^"H^,^ 



,'irr < ■■"v^ 



ym^i 



•smp^. -i.-^^ . 



I 
I 
I 
I 
I 
I 
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I 
I 



I 
I 
I 



I 
I 
I 
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TABLE 10 
ftng ylar Relatiortsliip between Road Elements and Receptor Locations 



This table defines the aniylar relotionship bet ween a roadvaf 
element and a point of reception (observer) in terms of angles 
1 and e ^ , expressed in degrees. 



CASE 1 

0| is negative 

@i is positive 



Road Element 




■ Point of Reception 



CASE 2 

0| is negative 

©2 is negative 



Road Element 




Point of Reception ■ 



CASE 3 
i| is positive 

0| is positive 



Road Element 




■ Point of Reception . 



SU8TEN0E0 AI40LE of the road element at the point of reception: 



I 
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TABLE 11 
Adiustment for Roaci Element Size: Non-Reflective Surfaces 



RI6HTtfOST ROAD AHQLE. 01 

-90 -80 -70 -60 -SO -40 -30 -20 -10 10 20 30 40 SO 60 70 80 90 



Adjustmerit in cf8A 



- -18-14-11 -9 -e -7 -6 -5 -4 -4 -3 -3 -2 -2 

- - -16 -12 -to -8 -7 -6 -5 -4 -4 -3 -3 -2 -2 

- - - -14-11 -9 -6 -6 -6 -5 -4 -4 -3 -3 -2 

- - - - -14 -10 -9 -7 -6 -S -4 -4 -3 -3 -2 
_ » _ - _ -13 -ijo -8 -7 -§ -S -4 -4 -3 -3 
~ = . - _ - -t3 -10 -8 -7 -6 -5 -4 -4 -3 

- - - - - - - 13-10 -8 -7 -6 -5 -4 -4 

.------- -13 -10 -8 -7 -6 -5 -4 

- - - - - - ~ - - -13 -10 -8 -7 -6 -S 

------ - - - - -13 -10 -8 -7 -6 

, _ . --___--- -13 -10 -8 -7 

_ ..__----- -13 -10 -8 

- _ - = „---_---- -13 -10 



-2 -1 

-2 -2 

-2 -2 

-2 -2 

-2 -2 

-3 -3 

-3 -3 

-4 -4 

-4 -4 

-S -S 

-6 -6 

-7 -6 

-9 -i 

-10 -9 

-14 -11 

- -14 



-1 -1 

-1 -1 

-2 -1 

-2 —2 

-2 -2 

-2 -2 

-3 -3 

-4 -4 

-4 -4 

-5 ~5 

-6 -6 

-7 -7 

-8 -8 

-10 -9 

-12 -11 

-16 -14 

- -18 



I. 

I 
I 



I 

I 

I 
I 
I 
I 
I 
I 



g 



:',...-. -v^' 



.^r.^--^ 



■'l^ 
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TABLE 12 
AdiustiBent for PavQinent Surface Type 



Pa¥afiient Surf ace Type 


Adjustflient 
(dBA) 


Typical asphalt pavewient suoh as HL-I 

Open-graded friction coorse 

Dense-gradid frictiori course 

Sinooth concrete pavement 
» New concrete pavement, wire brush finish 
* Orooved concrete pavement 




-2.5 
-1-5 
-1 
*6 
+7 



•• Not used on new highways 

TABLE 13 
Adiustment for Dense ioods and Rows of Hoyses 



DENSE iOODS 



Depth of foods betiieen 

Source and Receiver 
(w) 



30 
60 



Attenuation 
(dBA) 



i 

10 



NOTE: Maximum attenuation allowed is 10 dBA 



FIRST ROi OF HOUSES 



Percentage of Ro» 
Oooupied by Houses 



<4y 

40-65 

65-90 

>9Q 



Attenuation 
(dBA) 




3 
5 
that of a barrier 



AOOITIONAL ROiS OF HOUSES 



Apply attenuation of 1.5 dBA for each successive row 
up to a maximum of 10 dBA. 
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TABLE 14 
Addition of Sound Levels 



I 



Difference Betveen Higher 
arid Lover Sound Levels 





o.s 

1.0 
1.5 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 
7*0 
8.0 
9.0 
10,0 
11-0 
12.0 
13.0 and up 



To Obtoin the Sym of Tvo 
Sound Levels^ Add this 
Value to the Higher Level 



3.0 
3.0 
2.S 
2.5 
2,0 
2.0 
2.0 
1.5 
1.0 
1.0 
1.0 
1.0 
0.5 











I 
I 
I 






^'wW 



I 



I 
I 
I 



I 






I 
I 
I 
I 

I 
I 

I 
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IkPPlMDIX B 
cmjCulatioisi of BAERIER ATTENUMION 



h ""barrier" is any solid obstacle, natural or man made 
whicii interrupts tlie line of siglit between the observer 
and the roadway. 

Barriers ihelude siieli items as elevated/ depr as sed sections 
of roadway, large buildings, solid rows of townTiouses, 
existing topographical features, earth berms, walls and 
fences. All of these obstructions may reduce noise 
generated by road traffic. 

The following procedure is ueed to determine the attenua- 
tion of traffic noise provided by barriers of all types. 
This attenuation is commonly referred to as "barrier 
attenuation". The barrier is assumed to be parallel to 
the roadway and to obstruct the observer's view of the 
road. Calculations for finite and infinite length 
barriers are contained within this procedore- 

STEP 1. Determine Barrier Extent 

Determine 0i (the leftmost end angle of the barrier) and 
02 (the rightmost end angle of the barrier). For Example, 
for infinite barriers 0i is -90* and 02 is +90. 

ST EP 2. Determine Finite Barrier Index 

Determine the Finite Barrier Index (FBI) from Table Bl, 
using the values of fii and 02. 

for example, FBI is 9 for an infinitely long barrier. 



%i: I ,1. !i"rffi?p-T!5tUIBpill 'i 
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STEP 3. Determine Path Lengtli Difference 

^ . • 

Determine the Path Length Difference (PLD), according to 

the figure and formula shown in Table B2 , B 



It must be noted that 'Dgu' and 'Dbr* are hori- 
zontal distancee; therefore, the sum of Dgg and 
%R shail riot t*® necessarilY equal to the actual 
source-reeeivar separation distance. 

Path Length Difference shall toe calculated to an accuracy 
of at least 0.001 metres. 

STEP 4. Obtain Barrier Attenuation 

Determine the appropriate barrier attenuation* from Table 
B2, using the values of PLD and FBI- 



I 
I 
I 
I 



■ 



* The Galculated barrier attenuation is accurate to 
+ 1,0 dBA, usually on the conservative side. The 
error in the barrier attenuation obtained from the 
table can be as high as 4 dBA for large values of PLD ^ 

and acute angles of the barrier element. Such cases | 

arei PLD greater than 4.0 m, 02-01 less than 30" and 
01 less than -70" or 02 more than +80* . In these B 

circumstances the barrier attenuation could be under 
predicted by as much as 4 dBA. Nevertheless, this B 

error has no appreciable influence on the overall 
result as the contributions from the remaining road ^^ 

elements dominate the resultant traffic noise level B- 

at the receiver. 



i 
I 



;,jiai^-. .■J^-Jf^-.^fev . .i-«*, ^-_„, ,^.ji* . ...^ _„i:v .X-^. 1..;^.. .-^.'m^-^:,::. ...:,- ™..^ . ^- .• . >■ ^^ Jiljiftj^-A ,U 



^%ms 



*^* . ' j^'i .%¥.'• 



■'■■ ■ ■ ^'^W^ "n ■-■ 
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I 
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I 
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I 



I 
I 
I 
I 
I 
I 
I 
I 



*r* 
l-i 

U 

CD 

m 

o 



-90 
-80 
-70 
-60 
-50 
-40 



® -30 



m 

c: 

T3 <ll -10 

C ii 
lUJ: ^ 

^ m 

m 'D 

o "^ 
E 

OJ 



-20 





10 
20 
30 



m 

£1 
% 



40 
SO 
60 
70 
80 
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TABLE B1 
Finite Barrier Inclex for ftsvmroetric Barriers 



i 2 * The Rightmost End Angle of the Barrier (degrees) 
-80 -70 -60 -SO -40 -30 -20 -10 10 20 30 40 50 60 70 80 90 



2 3 4 6 7 9 9 9 10 12 12 12 12 14 12 

5 8 10 10 14 15 15 18 18 19 19 19 19 19 19 

- 10 11 15 IS 18 19 19 19 19 19 19 19 19 19 

- - IS 18 19 19 19 20 20 20 20 20 20 20 19 

- - - 19 20 20 20 21 21 23 23 21 21 20 19 

- - - - 20 21 23 23 23 23 23 23 21 20 19 

- - - - - 23 23 23 23 23 23 23 23 20 19 
------ 23 23 23 23 23 23 23 20 19 

------ 24 24 23 23 23 21 20 19 

------- - 24 23 23 23 21 20 19 

- _ _ - - - ^ - - 23 23 23 20 19 19 

- - - - ------ 23 21 20 19 18 

- - --------- 20 20 19 15 

. - _ - ^ .-.--- - 19 18 15 

- - - - ----- ^ - - - 15 11 



12 9 

18 12 

19 12 
19 14 
19 12 
19 12 
19 12 
19 12 
18 10 
18 9 



IS 
15 
14 
10 

10 
8 
5 



Angular RelationsMp betiieen Barrier Sections and the Receiver 



Roidyty Secticrs 



Btfiier 



Bmdm Section 



tifTiiT 



Roadua^ Section 



earritr 






Recti vtf 



Receivir 



®i is negatlvi 
®2 is negativi 



®i is negative 







2 is positive 



Receiver 

®i is positive 
®i is positive 



NOTES: 1) ihere angles are not found in the table use the nearest listed value. 
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TABLE B2 
earrler Attenuation for Various Values of Finite earrier Index 





Path Lenith 










Finite Barrj 


ler Index 




I 
1 




Difference 
(ii) 


1 


2 3 


4 


5 


6 7 


6 


9 


10 


11 12 14 15 18 


19 20 21 


23 24 




s s 












Barrier Attenuation (dBA) 




I ' 




i 3 


0.34 


3 


1 1 


1 




























0" 


0.17 


4 


3 2 


1 


1 


1 1 


1 


1 
















St" 


0.07 


5 


4 4 


4 


4 


3 3 


3 


2 


2 


2 1111 


1 1 1 







0) ® 

S^ 5 


0.05 


5 


5 4 


4 


4 


4 4 


4 


3 


3 


3 3 3 3 3 


3 2 2 


2 1 






0.03 


5 


5 S 


4 


4 


4 4 


4 


4 


4 


4 3 3 3 3 


3 3 3 


3 3 




5 ^ 


0. 02 


5 


5 5 


5 


5 


4 4 


4 


4 


4 


4 4 4 4 4 


4 4 4 


4 4 




m ^ 


0.00 


5 


5 5 


5 


5 


5 5 


5 


S 


5 


S 5 5 5 5 


S 5 S 


S 5 






0.03 


5 


5 5 


6 


6 


6 6 


6 


6 


6 


6 6 6 6 6 


6 6 6 


6 7 


1 




0. 10 


5 


6 6 


6 


6 


7 7 


7 


7 


7 


7 7 7 8 8 


8 8 8 


9 9 




4j 


0. 17 


6 


6 7 


7 


7 


7 7 


7 


8 


8 


8 8 8 9 9 


9 9 10 


10 11 






0.24 


6 


6 7 


7 


7 


8 8 


8 


9 


9 


9 9 9 9 10 


10 10 11 


11 12 






0.28 


6 


7 8 


8 


8 


9 9 


9 


9 


9 


9 10 10 10 10 


11 11 12 


12 12 




^ m 


0.34 


6 


7 a 


8 


8 


9 9 


9 


10 


10 


10 10 10 11 11 


12 12 13 


13 13 




H ^ 


0.52 


7 


8 8 





9 


10 10 


10 


11 


11 


12 12 12 12 13 


13 14 14 


14 15 




10 ° 

S ii 


0.69 


7 


8 9 


10 


10 


10 11 


11 


12 


12 


13 13 13 13 14 


14 15 IS 


16 16 




q5 


1.03 


8 


9 10 


11 


12 


12 12 


13 


13 


14 


14 14 15 15 15 


16 17 17 


18 18 




di At 


1.38 


9 


10 11 


12 


13 


13 13 


14 


14 


15 


IS 15 16 16 17 


17 18 18 


19 19 






1.70 


9 


11 12 


13 


14 


14 14 


15 


IS 


16 


16 16 17 17 18 


18 19 19 


20 20 






2.06 


10 


11 13 


14 


14 


14 IS 


16 


16 


16 


16 16 17 18 18 


19 20 20 


20 20 




m 


2.75 


11 


13 14 


15 


15 


15 16 


16 


16 


17 


17 17 18 19 19 


19 20 20 


20 20 




■i 


3.44 


11 


13 14 


IS 


16 


16 16 


17 


17 


18 


18 18 18 19 19 


20 20 20 


20 20 






5. 16 


12 


14 IS 


16 


17 


17 17 


18 


18 


18 


18 18 19 20 20 


20 20 20 


20 20 


' 




6.88 


13 


15 16 


17 


17 


18 18 


18 


18 


19 


19 19 19 20 20 


20 20 20 


20 20 


















PLD - 


a + b - 










loyrce 


Bairitf 


\ 


%,^^Receivtr 


\ 


Mier 
a ■ 

b ^ 


e 








= \/^w-* ^"i- 


Hs) ' 




fe 






^ 




^ \/Dbr^* (Ha- 


Hfi) ' 


fi 




-IB 




T 


i-- 




Sarfn air 0« 


auroe and Receiver 
Figuration 






c ■ 










D@mer 


Com 


. \/(DsB *Obr) 


^MHg- 


Hr) ' 



miEi 1) ihere the calculated PLD Is not found in the table use the nearest 
listed value. 
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APPENDIX C 
COMPOTATIOM OP LgpCT) 
C BASED ON DAILY TRAFFIC VOLUMES) 



In tlie planning of noise sensitive developments or of 
projects sucli as roads or industries, dependent on the 
application, traffic sound levels must be determined: 
(a) over a 24-hour period? (b) over a day or night time 
period or (c) on an hourly basis. 

In many eases, the provincial/municipal traffic department 
may not be able to provide traffic data based on surveys 
conducted over specific time periods of the 24-hour day. 

The following describes the method which may be used to 
determine the equivalent sound level, L@q, due to road 
traffic over various time periods of the 24-hour day using 
the information on average daily traffiG provided by the 
road authority. 

1. Information ReguiremeiitB 

The road authority should be contacted for the following 
data 3 

(a) Average Annual Daily Traffic Volume (AADT) and when 
available the Summer Average Daily Traffic Volume 
(SADT)i use the higher of AADT or SADT? 

(b) Composition of traffic, i.e. the percentage of 
vehicles classified by the model as automobiles, 
medium trucks and heavy trucks? and 

(c) Posted Speed Limit (km/h) 
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Future traffic voluraes should be based on traffic 
projectiona at least 10 years after completion of the 
project or tlie ultimate capacity indicated by the road 

authority* 

i« Method of Gale ul at ion 

2 . 1 Method Is Through Adjustments made to 

Existi ng/Future Traffic Volumes 

Since the model predicts the equivalent sound level, 
La„, due to road traffic over a 1-hour time period, 
the average daily traffic volume (higher of AADT or SADT) 
must be reduced to a one-hour volume for the time period 
considered , 

The following one -hour traffic voluraes (existing/ future) 
must be employed in calculatinf i 

(a) Daily Sound Level (24--hQur3)^ 

volume (1 hr) - avg* daily volume 

14 



(b) Daytime Sound Level (07 a 00 to 23i00l 

volume (1 hr) = avg. daily volume x Tq 

If 

Where; Tq - fraction of daily volume during 
daytime period 
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(c) Miglit-time Sound Level (23s 00 to 7s 00) 

volume (1 hr) - avg* daily volume x Tjj ' " '*■ 

Where: T^ - fraction of daily volume during 

niglittime period . ' 

(d) Hourly Sound Level 

volume (1 "hr) - avg. daily volume x T^ 

1 

Where I Th ~ fraction of daily volume during a 
one hour period 

When determining the traffic sound levels over various 
periods of the 24-hour day, the user must, of course, employ 
the estimated percentage of cars, medium trucks and heavy 
trucks which occur during the period under consideration. 

2 . 2 Method 2; Through Adjustments made to 

Sound Levels - L eg (24 hr) 

This method may be used to determine the equivalent sound 
level, L@q, due to road traffic over different time 
periods providec he traffic composition during the period 
under Gonsideratioi does not vary greatly from the 
composition averaged ever the entire 24-hour day# 
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(1) Adjustment for Period of Day 

Once the existing/future traffic sound level, L@q 

(24 hr), has been detarrained the following expression may 

be used to obtain i 

C a I Le g (IS hr) ^ Daytime S ound Level 

Lgq (16 hr) = Lgq (24 hr) + 10 Log (24/16) + 10 Log (x) 



( b ) L^q (a hr) - Nighttime SQund Level 

Leq (8 hr) ^ Lgq (24 hr) + 10 Log (24/8) + 10 Log (x) 



( c ) L ^q Cl hr) - Hourly Sound Level H 

Leq (1 hr) ^ Lgq (24 hr) + 10 Log (24) + 10 Log (x) || 



In the above expressions, 

I 

X ~ fraction of daily volume during the ■ 

period considered mk 

I 

( 2 ) Adjustments for Future Sound Level e 

__ I 

The future sound level, Leq(T), for any time period T 

of the 24-hour day may be obtained through application of an ■ 

adjustment (in decibels) to the existing sound level. 
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The future eound level is given by the expresaion: 

m 

Leq(T) = Lgq(T) + 10 Log (1 + R) 
^ F E 

Inhere ; 



I 
I 
I 

I 

I R = Annual rat© of change in traffic volume (a fraction) 
I H s Projected time period (in years) 

I 
t 
I 



The above method for determining future sound levels may 
be used only if there is no eignifioant difference between 
the fraction of the existing daily traffic volume and that 
of the future daily traffic volume for the period of the 
24-hour day under conaideration- 



I 3, Ijeamplea of Typical ¥ariat.iQns in Traffic 

Sound Levels During the Day and Night Time Period 

I 

.^ (a) Ar t er i al Roads 

t 

■ On most arterial roads the major portion of the daily 

(24 hour) traffic volume, about 90%, tends to occur during 
I the daytime period (07; 00 to 23:00). 

I The following expressions indicate the approximate 

relationships between the equivalent sound levels over the 
■; day/night time periods and the 24-hour equivalent sound 
* level. 



Lpq (16 hr) = Lgq (24 hr) + 1 (day) 
Lgq (8 hr) = L^q (24 hr) - 5 (night| 
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(b) Highways 

The typical split between traffic volames during the day 
and night time periods on highways is about 85% (day) and 
15% (night). 

The equivalent sound levels for these respective time 
periods are given by: 

L^q (16 hr) = L^q (24 hr) + 1 (day) 

Lgq (8 hr) = Leq (24 hr) - 3.5 (night) 

( Q ) freeways (Controlled Access) 

On sites adjacent to most freeways no significant 
differences are considered between the equivalent sound 
levels measured over the 16 hour daytime and 8 hour 
nighttime periods. 
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APPEHDIX D 
TRAFFIC NOISE 
PREDICTION WORK SHEET 
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Nine 



Date 



TRAFFIC MOISE PREDICTION iORK SHEET 

File Project Descriptioii 









1 






1 


Lanes/Road section <Ele«ent) 












2 


voluRC -Autonobiles (vpn) 


S 2.2(a) 
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nediun Trucks (vph) 
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Heavy Trucks (vph) 
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Total volune (vph) 




























6 


Posted Speed (i«/h) 
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Heavy Trucks (t) 






























Adiusted Heavy Trucks 


S 2.2(b) 
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Road Gradient (%) 




























9 


Adjustment Factor 


Table 1 


























10 


Adjusted Volune <vph) 




























11 


ricdiun & Heavy Trucks (t) 


S 2.2(c) 


























12 


nediu« Trucks <*) 


S 2.2(d) 


























13 


Reference Sound Level (dflfl) 


Tables 3-6 
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Effective Heights 




























14 


Source <s) (n) 


Table B 
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15 


Receiver (r) (n) 




























16 


Shielding (t*p) (n) 


Table 7 


























17 


Total Effective Height (r) 


Table 7 




























Adiu3tnents 





























10 


volume (dBA) 


Table 2 






















19 


Distance («) 
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20 


Reflective (dBA) 


Table 7 
























21 


Non-reflective <dOA) 


Table 7 


























22 


Element, 8 ^ (degrees) 




























23 


9 2 (dtgiees) 
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24 


Reflective (dlA) 


Table 9 
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2S 


Mon-reflective (dBft) 


Table 11 
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26 


Pavenent Surf ace (d8A) 


Table 12 


























21 


yoods (dBA) 


Table 13 


























28 


Roys Of Houses (dift) 


Table 13 




























Bairier Shielding 




























29 


i ^ (degrees) 




























30 


2 (degrees) 




























31 


Finite Barrier Index 


Table B1 


























32 


Pith Length Differenct(B) 


fable B2 


























33 


Bairltr Attenyation (dOA) 


Table 02 
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Section Leq(h) (dBA) 




























35 


Road Leq(h) <dift) 


Table 14 
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APPENDIX B 



ADJUSTiyiENT PROCEDURES FOR OUTDOOR 
SOUND REFLECTION 
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JVDJUSTMENT PROCEDURES FOR OUTDOOR SOUEID REFLECTIOli 



1 ,0 Introductiori 

Recently the Noise Aeseseiient Unit releaeed a road traffic 
prediction model titled "Guidelines for Road Traffic Noise 
Asseesment" . The prediction scheiie is to be used to 
evaluate the traffic noise level for the purpose of land 
use assessment, approvals of new installations and 
abatement. Adjustment for distance, ground absorption, 
dense woods and barriers were also presented in the 
document. The effect of sound reflections from facades 
which depend on Bite-specific conditions were left to be 
included in appropriate sections in the acoustic manuals 
currently under preparation by the Ministry staff. 

To aid consultants who are working on noise assessment of 
land use evaluations prior to the issue of the acoustic 
manuals, an early edition of the procedure for 
consideration of sound reflection is issued in the 
following brief paper* 

2 .0 Background 

Most of the procedures that are currently in use by the 
Ministry assume the prediction or the measurement of sound 
in eites, where there are no hard reflecting surfaces. 
The major application or objective of the Ministry's 
procedure is to estimate the outdoor sound level, either 
by prediction or by measurement. However, in the majority 
of the cases, where sound is predicted near an exterior 



I 



surface (building facadee for instance) the sound level 
will vary considerably due to wavelike character of 
sounds. A proper definition of the "Outdoor sound level 
near exterior facades" is required. An appropriate 
procedure must also be recoramended. 

A number of researchers have studied the effect of 
reflection from exterior surfaces on the outdoor noise 
levels. References 1, 2i and 3 report results of 
measurements conducted to investigate proper measurement 
procedure that would take into account the influence of 
exterior surfaces. Reference 4 is an A.S.T.M. Standard 
released in 1984 which synthesizes all the available 
methods into a single standard. Reference 5 summarizes 
the insulation capabilities of exterior surfaces when the 
incident sound is not perpendicular to the surface. 
Reference 6 discusses procedures that can be applied when 
predicting outdoor noise levels. 

Only a sample list of available literature has been 
presented. Even though the bibliography is not 
exhaustive, the quoted references address the main 
concerns in sufficient depth and are adequate to formulate 
the procedures that are required. 

3 . Discussion 

There are three main areas of concern for the Ministry 
where the evaluation of the outdoor noise level is of 
primary interest, namely i 

a) Land Use assessment 

b) Approvals of new installations 

c) Abatement 
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The determination of outside noise levels for abateraent 
and approvals is usually obtained througli a measurement 
program. The measurements are conducted on-site where the 
exterior surface already exists. The measurement 
procedures outlined in many of the Ministry publieatione, 
if properly executed, would include the effect of 
reflection and no additional adjustments are necessary. 

In Land Use assessment, most of the currently available 
procedures use well established theoretical prediction 
schemes to evaluate the outdoor sound level. The 
calculations predict a "free- field" sound level at 
receptor locations where the proposed structures are to be 
constructed. However, the prediction methods have made no 
allowance for reflections from the building facade. 

The guideline procedures presented here apply to noise 
prediction techniqueB designed for the calculation of 
free-field (outdoor) sound levels and coneists of 
adjustment factors to be applied to the predicted sound 
level . 

4 .0 Guideline Procedures 

The National Research Council of Canada publication 
B.P.N, 56 (Reference 6) "Gontrolling Sound Transmission 
into Buildings" summarizes the measurement results into 
appliGable guidelines. The above reference has been used 
as a basis for the adjustments present here. For detailed 
description of the method and the rationale for the 
procedures, refer to Quirt (6). 

The three areas of concern where the adjustment to 
"ttmm^tield level" applies are as follows; 
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a) Outdoor living areas I 

The sound level at outdoor living areas is usually 
estimated during daytime hours. The receiver location is 
3 metres from a building facade and 1.5 metres above 
ground level* 

b) Mear building facades: 

The sound level outside the bedroom window during 
night time hours is evaluated. For a single family 
dwelling the receiver location is usually about 4,5 metres 
above the ground level i and just outside the window « 

c) Amount of sound insulation requirad: 

When the outside level exceeds a certain limit, exterior 
building components must be properly specified, taking 
into account the requirad amount of insulation needed. 

The applicable methods to be used in each of the above 
situations are given below^. 

4 .1 Level in Outdoor Living Areas 

The usual practice in land use planning is to estimate the 
outdoor living area noise level (Lgq, dBA) during the 
daytime hours at 3 metres away from the building facade.- 
The prediction methods Galculate "the free-field" sound 
level. To account for the reflections from the building 
facade, 2 dB adjustments should be added to the predicted 
"free-field" outdoor sound level. 
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Note 
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The above adjustment is also valid for corner lots 
even when there is an acoustic fence parallel to the 
noiea source, and the fence has a wrap-around the 
property line. (See Figure 1). Municipally approved 
fences are not very high, and the reflections from 
the fence are minimal. 

If the outdoor living area is located on the shielded 
side (away from the noise source) of the building 
facade, no extra adjustment is required. 



4 , 2 Level Near Building Facades 

In addition to Gompliance with the noise criteria at 
outdoor living areas, the Ministry procedures require the 
evaluation of outside levels near the bedroom window. The 
outside level would determine the proper house ventilation 
as well as the appropriate specifications for building 
components. To account for the reflections from the 
facade, 3 dB adjustments should be added to the predicted 
outside "free-field" sound level near the building 
facades . • 

4 .3 Sound Insulation Requirements 

The choice of exterior building components satisfying the 
Building C.:.ca requirement is adequate in most instances. 
However, if t a outside noise level close to the facade, 
particularly at second storey elevations, exceeds the 
criteria, the building components have to be designed to 
provide adequate sound insulation. The required amount of 
sound inBUlation is determined by the AIF (Acoustic 
Installation Factor) number. AIF is a compos ite number 
developed by the National Research Council of Canada, 
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which is datarmined among others by the STC (Sound 
Transmission Class) of the building component. The STC of 
the wall, window, roof or door is uaually determined by 
laboratory methods where the incident sound field is 
diffused. Such a sound field is commonly denoted as Random 
Incident Field. In some instances the sound field is 
incident only along a narrow range of angles and the 
transmission loss value decreases. An example is that of 
an exterior wall of a single family dwelling which is 
perpendicular to a roadway or a railway track (e.g. 
exterior surface 2 in Figure 1). The required hlF values 
in this case must be adjusted accordingly. The proper 
adjustment values are given in Table 1. 

5 . Conclusions 

h set of guideline procedures was presented to account for 
the reflection from building facades. The reduction of 
the transmission loss properties due to the acute angles 
of sound incidence was also discussed, and proper 
adjustment factors were presented as part of the 
procedures. 
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Road Way 




(a) Corner Lot 
1,2 : Exterior Surfaces 



(b) Wrap around Aooustic Fenoe 
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Figure 1. Sketch of a corner lot exposed to the road 
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Angles at which sound arrives 
(0=p@rpeiidicylar to surfacs) 



60 to 90 degrees 

40 to 90 degrees 

30 to 90 degrees 

to 90 degrees 



Correction 



i 
i 
1 
i 



te: The angles are defined by the angle between the 
perpendicular to the affected surface and the angle 
(or range of angles) of the sound incidence as shown below. 
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90 



9 



Angle: to 90 degrees 



Roadway 




Angle: 30 to 90 degrees 



Table 1. Correction for source geometry to be added to 
the required AIF. (Source: Reference 6. ) 



(The angular range best describing the 
noise source should be used) 
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